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C Protein Antiserum and Standard 


Infectious Mononucleosis Antigens and Standards 
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Stable 


Specific 
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7 of the 912 NEW PYREX: lab items... 


4 to save you time; 3 to cut costs 


1261 CENTRIFUGE BOTTLES. These new bottles 
offer maximum safety and efficiency in handling 
sputum. Sealed screw cap prevents escape of aero- 
sols. Rugged Pyrex brand glass lets you sterilize 
repeatedly without deterioration. Fits standard 
centrifuge equipment. Heavy wall permits rapid 
acceleration to RPM required for more rapid tech- 
niques. Capacity: 200 ml. 

4991 “‘T’ CULTURE FLASKS. The inclusion of 
extremely flat surfaces provides the optical quality 
you need for effective microscopic study. These 
flasks have sloped shoulders for ease in cleaning. 
In the following sizes: T 15, T 30, T 60. 


4450 TRYPSINIZING FLASKS. Designed for quick 
trypsinization — automatic or continuous — because 
the four baffles provide excellent turbulence and 
cavitation. Curved bottom for efficient stirring has 
perforations to pass suspension into reservoir. Two 
sizes: 500 and 1000 ml. Also available with ¥ 
closure and in models suited to batch operation. 


2122 PYREX ACCU-RED BURETTES. Priced at 
38% less than Class A ware, these are still very 
accurate. For example tolerance is + 0.06 ml on 
the 25 ml size. Very readable red markings are 
part of the glass, last as long as the glass itself. 
Made from Pyrex brand glass No. 7740 that re- 
sists most acids and alkalies and stands up to re- 
peated cleanings. In 10, 25, 50, and 100 ml sizes. 


9833 TISSUE CULTURE TUBES. These tubes have 
two windows facing each other for passing light 


through flat rather than curved surfaces. This elim- 
inates distortion, makes your photography and 
micrography more effective and saves you time. 
Complete with screw cap in one size—16 x 160 mm. 
7098 PYREX MICRO-LITER PIPETTES. Capacity 
markings are in big, durable, block letters for 
quick identification. Volume indicator is a very 
fine line. Safety bulb prevents liquids from rising 
too rapidly. Rugged and accurate, you can get 18 
sizes, from 1 to 500 microliters. 

8070 CENTRIFUGE TUBES. For handling a wide 
variety of standard tests (haemoglobin, prothrom- 
bin time determination, and such) these tubes make 
a sound investment because they are priced very 
low. Engraved, white filled markings are easy to 
read and placed at 5 ml intervals only. These tubes 
are precision made with uniform walls and conical 
beaded rim. They will stay clear under repeated 
sterilization. Three sizes, 5, 10, and 15 ml. 

These are among the 912 NEW Pyrex brand 
glass lab items now listed in Supplement No. 3 to 
our full-line catalog, LG-1. You can get full details 
on quantity discounts — and delivery — from your 
usual source of supply. Or send for LG-1 and/or 
Supplement No. 3. Write to us at 82 Crystal Street, 
Corning, N. Y. 


CORNING GLASS WORKS 


CORNING MEANS RESEARCH IN GLASS 


PY RE X° iaboratory ware ... the tested tool of modern research 
Jour. of Lab. & Clin. Med. 
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Select the new qT SUE-T K 


..- for Fast Preparation and Filing 


of Embedded Tissue Specimens! 


TISSUE-TEK-.a complete, compact preparation and fil- 
ing system for histological specimens. Hereis a uniform method 
for processing, filing and storing embedded tissue specimens. 


SAVES TIME, LABOR AND MATERIAL—Complete 
preparation is handled in a minimum of space. All base molds 
fit universal embedding ring and make perfectly formed blocks 
ready to mount in microtome. No trimming . . . no special 
mounting required. Etched ring margins can be pencil marked 
with permanent code for filing. 


Each unit consists of utility fiber case or deluxe metal - 
cabinet, six molded impact plastic drawers, mold release con- 
centrate, and 1000 'Tissue-Tek" embedding rings. Varied size 
aluminum base molds are available to provide a modern tissue 
embedding system. 


CONTACT YOUR LAB-TEK DEALER OR WRITE TO 


LAB-TEK PLASTICS CoO. 


39 E. Burlington St., Westmont, Illinois 
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SANBORN 550M Series 
Poly-Beam Photographic Recording System 


Simultaneously record 
and visually monitor 
biophysical phenomena 


WITH THE NEW MULTI-CHANNEL 


SPEED and SENSITIVITY of the 550M System 
permit diagnostically accurate recording of fast 
changing phenomena such as heart sounds and 
small-animal ECG’s and of low-level signals such 
as small-muscle myograms, EEG and fetal ECG. 


VERSATILITY and FLEXIBILITY of the 550M 
design offer many advantages. The system can 
be purchased with only 4 or 6 channels and 
minus the monitoring unit. Additional inter- 
changeable plug-in preamplifiers (up to a total 
of 8), plug-in mirror galvanometer inserts and 
the visual monitoring unit — consisting of an 
electronic switch, vector timer and oscilloscope 
—can be added later. 


ADDITIONAL FEATURES include: entire 6 
inch chart width available to all beams...ability 
of beams to be superimposed and to cross each 
other... photographically registered timing and 
amplitude lines ... trace interrupter for beam 
identification ... provision for elimination of 
amplitude lines from part or all of the record 
.+. choice of 8 chart speeds from 1.25 to 200 


SANBORN COMPANY 


MEDICAL DIVISION 
175 Wyman Street, Waltham 54, Massachusetts 


mm/sec... display on the monitoring unit of up 
to four waveforms at once, or vector loops, as either 
a substitute for or a supplement to the recorder 
... exposed film container can be removed at any 
time under normal light... event marker included 
... provision made for remote control . . . viewing 
window permits observing and positioning of gal- 
vanometer beams. 

The new 550M Poly-Beam is a completely self- 
contained recording — monitoring system built into 
a single, mobile cabinet only 22” wide and 6' high. 


Sanborn also offers a new direct-writing recorder, 
the 350M Series -—in a 6- or 8-channel system. Plug- 
in “350” style preamplifiers can be used inter- 
changeably with the 550M Series which is identical 
in cabinet size and style. 


Write for the new 8-page 550M catalog, or 
the complete catalog describing the major 
Sanborn instruments for measuring, re- 
cording or monitoring biophysical phe- 
nomena, The Sanborn } omar Office or 
Service Agency nearest you can also 
supply complete information on any or 
all b equi t 
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accurate, quick determinations... 
for all colorimetric tests 


PHOTROMETER 


Only one adjustment of only one knob and you get precise determinations 
for each routine clinical test—easily, rapidly—with the Leitz pre-calibrated 
PHOTROMETER. 


Leitz PHOTROMETERS for clinical laboratories... 


+ pre-calibrated for easy, rapid determinations 

* a supply of standard solutions is not required 

¢ no external voltage stabilizer needed 

¢ built with the precision and ruggedness characteristic 
of all Leitz instruments 


* laboratory technician can readily calibrate instrument 
for additional tests 


See your dealer for a demonstration. 


&. LEITZ, INC., Dept. L.3 
468 Fourth Avenue, New York 16, N.Y. 


Please send me the Leitz PHOTROMETER brochure. 


Nome 


Street 


City. Zone. State 


&. LEITZ, INC., 468 FOURTH AVENUE, NEW YORK 16, N. Y. 
Distributors of the world-famous products of Ernst Leitz, Wetziar, Germany 
LENSES + CAMERAS + MICROSCOPES + BINOCULARS 
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the mark of quality 
fine glassware 


Clear, accurate markings 


S/P high-contrast markings are fade-resistant, won’t fade even after repeated 
washings. Accuracy actually exceeds NBS specifications; made by skilled artisans 
whom no machine can replace. Here is the complete glassware line, the high 
quality you expect, the name you can trust . . . Scientific Products! 


Ask the man who knows glassware best... have 
your S/P representative show you his samples 


Scientific Products 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION - GENERAL OFFICES: 1210 LEON PLACE, EVANSTON, ILLINOIS 
Regional Offices: Atlanta - Chicago - Columbus - Dallas - Kansas City - Los Angeles - Minneapolis - New York - San Francisco - Washington 


Page 6 Jour. of Lab. & Clin. Med. 


4 


Paragon Reagents Paramount Quality 


Tested and proven reagents of the very highest quality 


Kaiserling Powder No. 1—PARAGON 
Kaiserling Powder No. 3—PARAGON 


For preparing Kaiserling solutions No. 1 and No. 3 used in the fixation and color 
preservation of anatomical and geo museum specimens. Perfect fixation and 
color preservation are now readily obtained. Either solution may be easily prepared at 
once by dissolving the pre-weighed powder in hot water and allowing to cool. The 
small packages of powder conserve space and solve storage problems for these solutions. 
Large amounts of liquid formalin need no longer be kept on hand. Gallons may be 
prepared in a matter of minutes. Full directions appear on label 


PS1661 Kaiserling Powder No. 1—Paragon For a gallon $1.85 
PS1651 Kaiserling Powder No. |—Paragon For a liter 1.25 
PS1663 Kaiserling Powder No. 3—Paragon For a gallon 1.85 
PS1653 Kaiserling Powder No. 3—Paragon For a liter 1.25 


Lenker's Fluid—PARAGON 


An excellent general fixative which is specially recommended for the fixation of blood 
forming tissues and organs. Supplied without acetic acid which is added just prior to 
use. Zenker formol (Helly’s fluid) may be prepared by adding formalin. Full instructions 
on bottle label. The best fixative for obtaining the sharpest nuclear details with hema- 
toxylin stains. 


PS1674 Zenker’s Fluid—Paragon Bottle (500 cc) 3.25 


Bouin's Fluid—PARAGON 


Specially recommended for the fixation of skin tumors. It penetrates with a minimum 
of hardening and shrinkage and will not overfix. It is noteworthy for the production 
of brilliant red counterstains with eosin. 


PS1675 Bouin's Fluid—Paragon Bottle (500 cc) 2.25 


Schaudinn’s Fluid—PARAGON 


For use in parasitology. Fixes and preserves cellular details of ova and parasites. Ex- 
cellent for fecal smears. Preserves parasites without shrinkage or distortion so that 
identification is easier. Supplied without acetic acid which is added before use. 

PS1673 Schaudinn's Fluid—Paragon Bottle (500 cc) 3.25 
PS1672 Schaudinn's Fluid—Paragon Bottle (250 cc) 2.00 


Write for catalogs 957A & 957B for more detailed information and staining technics 
All prices F.O. B. New York, New York, subject to change without notice 


Manufactured exclusively by 


PARAGON C. & C. CO., INC., 2540 Belmont Ave., New York 58, New York 


Cable address: Wijeno, New York 
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Low Cost 
Entirely New 
U-V Cuvettes 


Round { Matched / Ultraviolet Transmitting 


For use with Beckman DU Spectrophotometers 


Available for the first time, these low cost, 
ultraviolet transmitting, round cuvettes offer 
distinct advantages to all educational, 
industrial and other research laboratories. 
Multiple problem of low cost, accurate U-V 
cuvettes now solved with these round, 
matched cuvettes. Proven in laboratory use 
over a year. No unusual etching noted when 
4 normal acid or alkali concentrations were 
allowed to stand for as long as two hours. 


They compare most favorably in accuracy, 
to say nothing of cost, with conventional 
square “quartz” cuvettes in the 235-340 mu 
range where 95% of all U-V measurements 
are made. 
74147A — Cuvettes, round, set of 4, matched to 


74A217E 741478 — Cuvettes, round, set of 12, matched to 
tolerance of 1% T....... 

Accessories: 


Precision Molded Adapter — holds cuvettes in 
firm position. 


7421\7F — Cuvette Adapter, Each.............. $5.00 


74217E — Cuvette Adapter with matched set of 


Cuvette Adapter Carriage — precision made, 
yet versatile. 


74217D — Cuvette Adapter Carriage, Each..... $32.00 


74217D Direct your order or request for additional 
information to: 


aloe scientific Division of A. S. Aloe Company 


5655 Kingsbury, St. Louis 12, Missouri 
FULLY STOCKED DIVISIONS COAST-TO-COAST 


Jour. of Lab 


| 
741478 
= 
% 
4 
$20.00 
$24.00 
| 
Page 8 & Clin. Med. 


March, 1959 


SYPHILIS ANTIGENS 
Your Choice to Fit Your Needs 


V. D. R. L. ANTIGEN Lederle. A cardiolipin-lecithin- 
cholesterol antigen for use in either the slide 
or tube flocculation test of serum or spinal 
fluid, qualitative or quantitative. Cardiolipin is 
manufactured by Lederle under license from 
the New York State Department of Health. 


KAHN STANDARD ANTIGEN (Cholesterinized) Lederle. A choles- 
terinized alcoholic extract of beef heart for 
use in the Kahn precipitation test for syphilis, 
standardized under the supervision of Dr. 
Reuben L. Kahn Laboratory. 


LAUGHLEN REAGENT Lederle. For rapid, reliable, in- 
expensive serodiagnosis of syphilis. Has as its 
base a precipitation test antigen as used in the 
Kahn test, to which have been added stand- 
ardized amounts of cholesterol, balsam, and 
scarlet R dye. Especially adapted for routine 
use in smail hospitals and clinics, and for 
emergency use. 


LEDERLE PRODUCTS FOR LABORATORY MEDICINE ARE PRE- 
PARED AND TESTED ACCORDING TO THE HIGHEST STANDARDS 


AGENTS FOR LABORATORY USE: BLOOD GROUPING, 
Rh TYPING, and ANTIHUMAN (Coombs Test) 
SERUMS, NIH-approved; BLOOD CULTURE 
MEDIUM; E. COLI TYPING SERUMS*; FEBRILE 
ANTIGENS; SALMONELLA GROUPING and 
TYPING SERUMS*; SHIGELLA GROUPING 
SERUMS; PASTEURELLA TULARENSIS TUBE 
ANTIGEN; VIRAL and RICKETTSIAL ANTIGENS, 
*Prepared according to CDC methods and 
standards. 


AGENTS FOR CLINICAL Use: LYMPHOGRANULOMA 
VENEREUM SKIN TEST ANTIGEN and CON- 
TROL; TRICHINELLA EXTRACT and SALINE 
CONTROL; TUBERCULIN PATCH TEST (Voll- 
mer). 


For further information contact the Lederle 
representative through your hospital pharmacy, 
or write: 


LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY 
PEARL RIVER, NEW YORK 
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VOLUMETRIC SOLUTION 
CONCENTRATES 


HARLECO concentrates are precisely measured on specialized equipment. This 
pre-standardization in a concentrated form assures the chemist a satisfactory 
solution in a matter of minutes. Minimum space is required to carry on hand 
the small sealed box which contains the exact measured quantity for rapid 
dilution to a 1000 mi. volume of the labeled strength. Dilution to 500 ml. pro- 
vides an exact double strength or to 2000 ml. just half the labeled normality. 
Write for new Harleco Catalog Supplement No. 582 Second Edition. 


 Procacts ave avachatle off your preferred house 
HARTMAN-LEDDON COMPANY 


60TH & WOODLAND AVENUE * PHILADELPHIA 43, PENNSYLVANIA ° U.S.A, 
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methods, 
like people, 
have a time 


for 
“orowing up” 


It often takes a long time for some laboratory procedures to “grow up.” 
Some never do. 

Then it becomes necessary to replace them with altogether new ideas 
and methods. 

Now, acid phosphatase testing has reached its growing-up time. 
PHOSPHATABS,ACID is the catalyst of this change. 

PHOSPHATABS,ACID provides the most accurate measure ever available 
for determining whether a patient’s acid phosphatase is normal or 
abnormal. 

PHOSPHATABS,ACID rapidly and simply measures, without the need for 
any inhibition, specific acid phosphatase levels ...acid phosphatase from 
red cells is just not picked up. 

And the PHoOsPHATABS,ACID error from blank in the borderline zone is 
only 5 per cent of total—compared with 50 to 92 per cent for all tradi- 
tional methods. 


The color obtained with PuHosruarass,Acip is due to the presence of 
prostatic acid phosphatase. 


Phosphatabs, Acid 


Available in 48-test boxes with TESWELLS at $15.00 a box* 
12-test boxes with TESWELLS at $ 7.50 a box — 


LABORATORY SUPPLY DIV., WARNER-CHILCOTT, MORRIS PLAINS, N. J. 


*Make sure you order by the full name: PuospHatass,Acip. An order for just 
“PHOSPHATABS” will bring the simplified kit for alkaline phosphatase testing. 
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FARRAND. 
SPECTROFLUOROMETERS 


The Farrand Spectrofluorometer is designed for activating 
compounds and precisely measuring their emitted fluorescence. 


The SpectroPhotoFluorometer, devel- 
oped by the Farrand Optical Co., Inc. 
in cooperation with outstanding scien- 
tists at N.I.H. is a new analytical tool 
for assay, identification and analysis by 
fluorometric methods. Measurements 
with the Spectrofluorometer are much 
more discriminating than colorimetry 
or spectrophotometry. 


FLUORESCENCE SPECTRUM 


‘4 PHATE IN DOUBLE DISTILLED 
WATER 


010 


EXCITATION WAVELENGTH: 
345 Mz 


MONOCHROMATOR SLIT 
WIDTHS: 10 Mz 


under in- 


Chemical constituents 
/ water vestigation can be irradiated in 
7 . = any chosen wavelength of the ul- 
~ traviolet, visible (or infrared 
ester | | regions) through an_ excitation 
monochromator and the measure- 


g 


ment of the resulting fluorescence 


likewise obtained at any chosen 
wavelength in these regions through 


WAVELENGTH- MILLIMICRONS an analyzing monochromator. 


| \ | | | | | Bulletin Ne. 820 Sent on Request 


FARRAND OPTICAL CO., Inc. 


BRONX BLVD. & EAST 236th STREET « NEW YORK 70, N.Y. 
Precision Optics, 


Design Manufacture Scientific instruments 
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MICROBIAL 

‘SENSITIVITY 
TESTING 


| NEW AUTOMATIC SENSI-DISC. 
tig nae, DISPE NSER 


idual discs. "RELEASES UP TO 
yTO-USE 8 SENSI-DISCS 
SIMULTANEOUSLY 
standard Petri dishes: 
to 8 Sensi-Discs are teleased 
simultaneously to form a uniform 
pattern on the culture 
FLEXIBLE 


omplete freedom of selection — —any 
ombination of Sensi-Discs may. 


j 

> 

Division of Becton, Dickinson and Company 


Read 

hemoglobin 
directly 

by 

Drabkin’s method 


with the 
FISHER HEMOPHOTOMETER 


A DIRECT-READING INSTRUMENT 
FOR THE FAST, 
ACCURATE DRABKIN TECHNIQUE 


Thespeed and accuracy of the 
Drabkin cyanmethemoglobin 
method of measuring hemo- 
globin in blood have gained 
nationwide acceptance for this 
sensitive technique. 


The Fisher Hemophotometer 
is a modern instrument de- 
signed specifically for Drabkin’s 
method. There’s no problem of 
matching cells . . . no charts or 
computation. The technician 
simply prepares a blood sam- 
ple . . . slips the test tube into 
the Hemophotometer . . . and 
reads the hemoglobin immedi- 
ately, in grams per 100 ml of 
blood. 


iF YOU RUN 
HEMOGLOBINS 
you'll want to use 
Drabkin’s method 
and the Fisher 
Hemophotometer. 
Send for this 
detailed booklet. 
120 Fisher Building 
Pittsburgh 19, Pa. 


FISHER SCIENTIFIC 


America’s Largest Manulacturer- Distributor of Laboratory Appliances & Reagent Chemicals 


IN THE U.S.A. Cleveland St. Louis IN CANADA 

Boston Detroit Washington d t 

Buffalo New York 

Charleston, W.Va. Philadelphia. IN MEXICO. Montreal BT 
Chicago Pittsburgh Mexico City Toronto 
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OUTSTANDING 
ADVANTAGES 


GREATER ACCURACY 
MORE EASILY READ END- POINT 
SENSITIVITY 


C4 greater accuracy for more precise clinical control. 
- ACUPLASTIN measures the combined activity of 
prothrombin and proconvertin, an important consideration 


_ C Up as in more easily read end-point—The granular pattern of the 
&§ Tedeno’ “formation of fibrin with ACUPLASTIN permits the tech- 
THROMBOPLASTIN ~ nologist to observe the formation of a distinct and definite 


end-point. 
EXTRACT . sensitivity—ACUPLASTIN detects, and can reproduce 


~ small but significant variations in plasma samples. 


Ortho Pharmaceutical Corporation | 
Raritan, New Jersey 
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5 NEW BOOKS 


for Everyday Use in 
Laboratories 


NEW Knowledge 
FRESH Procedures 
¥ TESTED Applications 


Alma Hiller, Presbyterian Hosp., Chicago. 


PRACTICAL CLINICAL CHEMISTRY: A Guide for Technicians, Second Edition, by 


“Each determination is given with complete direc- 


tions. Where special apparatus is necessary this is described in detail. Reagents and pro- 
cedures, with calculations, are given for determinations in blood, urine, and other body fluids. 
The outlines of procedures are given in the text, and are repeated on perforated pages which 
may easily be removed for desk use. The suggestion is that they be placed under cello- 
phane and used in this manner. The book is most practical for general routine work.”’— 
American Journal of Medical Technology. 


Pub. °57, 320 pp., 13 tables, $6.50 


A PRIMER IN MEDICAL TECHNOLOGY by Paul M. Kraemer, Dept. of Health and 


Hosp., Denver. Emphasis is on practical information, i.e., the commonly used techniques 
which fuse the small laboratory with neighborhood medical practice. Digested, tested, efficient 
methods. “Tricks of the trade.”’ Ways to minimize errors. The KNOW HOW methods to 


check results as work is processed. NOTE: 


Your copy will be begged for, borrowed often, 


maybe never returned if we know anything about book values. Pub. June °58, 344 pp., 35 


il., $7.75 


MICROTECHNIQUES OF CLINICAL 
CHEMISTRY FOR THE ROUTINE 
LABORATORY by Samuel Natelson, Rock- 
ford Memorial Hosp., Rockford, Illinois. 
Practical procedures for the rapid analysis 
for more than 75 constituents of materials 
of biological source. For technicians, super- 
visors of laboratories of clinical chemistry 
and those investigators interested in follow- 
ine the effect of disease or drugs on human 
organism or small laboratory animals. Pub. 


‘57, 502 pp., 159 il., $11.00 


THE PRACTICAL USE OF THE MI- 
CROSCOPE: Including Photomicrography 
by George Herbert Needham, Univ. Cali- 
fornia. “Long needed” we hope experts 
will opinion about these systematically ar- 
ranged procedures on HOW TO USE the 
many types of microscopes, objectives, and 
accessories. The author: A greatly honored 
expert consultant. Packed you will find 
with practical directions, helpful sugges- 
tions. Impartial, constructive criticism. All 
methods checked by author. Pub. Aug. °58, 
510 pp., 292 il. (2 in color), $15.50 


DIAGNOSTIC RADIOISOTOPES by 
Charles A. Owen, Jr., Mayo Clinic. Estab- 
lished tests, such as use of radioiodine for 
evaluation of thyroidal function, labeled 
albumin for estimation of plasma volume, 
or radioactive vitamin By» for the diagnosis 
of pernicious anemia, are covered in great 
detail. Newer tests, such as use of radio- 
active fats to measure pancreatic lipase, 
radioactive rose bengal for liver function 
and radioactive diodrast for renal function, 
plus other technics too new to detail are 


included. To be published April, 1959. 


CHARLES C THOMAS 
PUBLISHER 


301-327 East Lawrence Ave. 


Springfield Illinois 
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Paragon Reagents Dependable © Tested Paramennt Quality 
Paragon Standards and Reagents for Clinical Chemistry 


Accurately prepared and standardized in our own laboratories. 


Catalog 
Description No. Quantity Price 


Acid Digestion Mixture—Paragon (concentrated) P745 100 ce $1.20 
Alkaline Copper Tartrate—Paragon (concentrated) P851_ for 1 liter 45 
Ammonium Sulfate Solution—Paragon (saturated-aqueous) P582 100 ce 
Benedict Compound Paragon—Qualitative, granules P520 for 1 gallon 


P501 for 1 liter 
Benedict Compound Paragon—Quantitative, granules P631 for 1 gallon 
P611 for 1 liter 
Paragon Bone Decalcifying Solution PS3100 500 
Benzoic Acid Solution—Paragon (0.25% aqueous) 
Paragon Combined Decolorizer-Counterstain 
Creatinine Standard—Paragon (stock—1 ml. equals 1 mg.)------ P360 
Creatinine Standard—Paragon (working—1 ml. equals .006 mg.)-P370 
Diazo Reagent A—Paragon (0.1% sulfanilic acid) 
Diazo Reagent B—Paragon (0.5% sodium nitrite) 
Ferric Ammonium Sulfate—Paragon (ferric alum powdered) 
Ferric Chloride Solution—Paragon (10% aqueous) 
Glucose Standard—Paragon (stock—1%) 
Glucose Standard—Paragon (intermediate—stock—0.2% ) 
Glucose Standard—Paragon (1 ml. equals 0.1 mg.)--------------- P875 
Glucose Standard—Paragon (1 ml. equals 0.2 mg.)-----------.--- P876 
Icteric Index Standard—Paragon (0.01% potassium bichromate) -.P590 
Nessler Compound Paragon, granules P701 
Nitrogen Standard—Paragon (stock—1 ml. equals 1 mg.)-------- P722 
Nitrogen Standard—Paragon (working—1 ml. equals 0.1 mg.)---P723 
Nitrogen Standard—Paragon (working—1 ml. equals 0.05 mg.)--P724 
Nitrogen Standard—Paragon (stock—1 ml. equals 0.2 mg.)------ P725 
Nitrogen Standard—Paragon (stock—1 ml. equals 1.5 mg. in 
0.1N sulfuric acid) 
Nitrogen Standard—Paragon (working—1 ml. equals 0.015 
mg. in 0.01N sulfuric acid) 100 
Nitrogen Standard—Paragon (stock—1 ml. equals 0.75 mg.) ~--.---- P728 100 
Nitrogen Standard—Paragon (working—1 ml. equals 0.015 mg.) 100 
Phenolphthalein Solution—Paragon (1% alcoholic) P960 100 
Phospho-Molybdic Acid Reagent—Paragon, concentrated for 1 liter 
Picriec Acid Solution—Paragon (especially purified— 
saturated—aqueous) ec 
Standard Potassium Thiocyanate Solution—Paragon (1 ml. 
equals 1 mg. chlorine) ce 
Standard Potassium Thiocyanate Solution—Paragon (1 ml. 
equals 1 mg. sodium chloride) ce 
Standard Silver Nitrate Solution—Paragon (1 ml. equals 1 
mg. chlorine) 
Standard Silver Nitrate Solution—Paragon (1 ml. equals 1 
mg. sodium chloride) P 250 
Sodium Alizarin Sulfonate Solution—Paragon (1% aqueous) 100 
Sodium Hydroxide Solution—Paragon (10%) 500 
Sodium Hydroxide Solution—Paragon (0.1N) 500 
Sodium Tungstate Solution—Paragon (10%) 500 
Sulfuric Acid--Paragon (2/3N) 500 
Sulfuric Acid—Paragon (1/12N) 500 
Toepfer’s Reagent—Paragon (0.5% alcoholic) 100 
Van den Bergh Standard—Paragon (cobalt sulfate) 250 


2S 


Write for catalogs 957A & 957B fully describing Paragon Staining Solutions, Chemical 
Reagents and Solutions and Paragon Tray Drawer Cabinets and accessories 


All prices F.0.B. New York, N. Y., subject to change without notice. 


Manufactured exclusively by 


PARAGON C. & C. CO., INC., 2540 Belmont Ave., New York 58, New York 


Cable Address: Wijeno, New York 
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___Kodak reports on: 


how what's good for the missileers is good for the chro- 
matographers . . . the Harrow touch in autoradiography 
...@ film that separates the lemons from the oranges 


See the steroid? 


When we brought out Kodak 
Linagraph Direct Print Paper 
we never dreamed of steroids. 
We were dreaming of the long, 
long miles of galvanometer 
data traces that the missileers 
would be happy to make on a 
photographic paper requiring 
no wet processing. 

These dreams having come 
true, correspondence on the 
product is handled by gentle- 
men who don’t even know 
what a steroid is. Of the in- 
convenience in locating on a 
paper chromatogram a sub- 
stance readily discernible only 
by its ultraviolet absorption, 
they know even less. They 
have never read pp. 255-305 in 
Volume 7 of “Recent Progress 
in Hormone Research” (Aca- 
demic Press, New York, 1952). 

Fortunately, biochemical 
laboratory technique need not 
be discussed with them. A 
short paper in Analytical 
Chemistry (12, 2068) describes 
how a piece of Kodak Lina- 
graph Direct Print Paper, 
briefly exposed to an ultra- 
violet lamp while kept in good 
contact under a dried chro- 
matogram, will upon subse- 
quent exposure to a 30-watt 
fluorescent lamp show light 
gray areas against a dark back- 
ground at the sites of U-V ab- 
sorbers in the chromatogram. 
The method is reported suc- 
cessful in routine use where 
5y or more is present of the 
absorber per square centimeter 
of paper. 

To find out where to order Kodak 
Linagraph Direct Print Paper, write 
Eastman Kodak Company, Photore- 


cording Methods Division, Rochester 
4, Y. That much they know. 


Imported plate 


For autoradiography we pre- 
pare extremely high concentra- 
tions of silver halide in gelatin. 
These emulsions we coat in 
thin layers on 5 to 10 plain 
gelatin layers for mechanical 
support and deliver the com- 
bination on a_ separable 
sheet of cellulose ester or a 
glass plate. 

The user removes the double 
layer from its film or glass 


base, floats it on water emul- 
sion side down, and then lifts 
it up on the slide bearing his 
suitably stained radioactive 
specimen section. In a stream 
of cool air, he dries his prepa- 
ration down and sets it aside 
in a light-tight box for as many 
hours or days as the radio- 
nuclide requires to register its 
image. Then he gives the 
whole slide its photographic 
processing. The overlying 
gelatin layer is, of course, eas- 
ily permeated by the process- 
ing solutions. Finally his mi- 
croscope shows him where in 
his specimen the radioactivity 
lodged. 

It so happens that in Roch- 
ester we prefer to make the 
base of cellulose ester, while 
our British cousins of Kodak 
Limited in Harrow put the 
emulsion and gelatin on glass. 
Moreover the Rochester and 
Harrow emulsions differ, the 
autoradiographers tell us. 
Knowing that emulsion mak- 
ing encompasses almost as 
many subtle variables as so- 
nata playing, we won't argue 
with them. Instead we are now 
importing the Kodak Fine- 
Grain Autoradiographic Strip- 
ping Plates AR. 10 for those 
who prefer them to a 35mm x 
5-ft. roll of Kodak Autoradio- 
graphic Permeable Base Strip- 
ping Film. Both have a Sp 
emulsion. ““Under favourable 
conditions,” says Harrow of 
the plates, “a resolution of 
two microns may be obtained.” 

Eastman Kodak Company, Special 
Sensitized Products Division, Roch- 
ester 4, N. Y., will be delighted to 
have as many dozen of these 4%" 
64” plates shipped to a local Kodak 
dealer as you can pay him for at $12.40 
(list) per dozen. As for the domestic 


film at $15 (list) per roll, ditto, of 
course. 


Process E-3 


Distinguished by the designa- 
tion “(Process E-3)" from 
earlier versions, a new Kodak 
Ektachrome Film is aimed to 
please the worker who is pretty 
all-fired sure that for any tri- 
fling deficiency in his color 
transparencies the fault has 
lain not in himself, not in his 
technique, not in his equip- 


ment, but in his film. 

Beyond the shadow of an 
illusion, this film is sharper 
than its predecessors. Sharp- 
ness differs from contrast and 
from resolving power. It rep- 
resents ability to render a 
boundary—within how few 
microns the color on the 
transparency can change from 
(let us say) a certain yellow to 
a certain orange. This ability 
does not readily lend itself to 
quantitative statement. 

We mention yellow and 
orange advisedly. A_ classic 
challenge to any color photo- 
graphic process has been to 
distinguish between the hue of 
lemons and oranges in one 
bowl of fruit. The new film 
meets it handily. Greens are 
better, too. 

More valuable to some users 
will be the fidelity of the new 
film to the visual appearance 
of such photographically elu- 
sive biological stains as eosin 
and fuchsin. The photomi- 
crographer now gets not only 
an enhancement of the fine 
color discrimination for which 
Ektachrome was notable even 
before but a new advantage in 
speed. Exposure Index is 32 
for the Type B (which requires 
only heat-absorbing and pos- 
sibly U-V filters in the usual 
photomicrographic setups) and 
50 for the Daylight Type (used 
with electronic flash). Statistics 
show that in 1/25 second you 
get only 20%, of the vibration 
contained in 1/5 second. 

Kodak dealers now stock the new 
Kodak Ektachrome Film (Process 
E-3) in the usual sheet film sizes. For 
120 and 620 roll film cameras it’s 
called Kodak Ektachrome Profes- 
sional Film, Daylight Type (Process 

3-3). They also carry various-sized 
kits of the new processing chemicals 
that Process E-3 requires. The proc- 
essing cycle takes about an hour. 

If a) you want paper prints and 
duplicate transparencies, and if b) 
you want to be able to manipulate 
your color balance toward a concep- 
tion of reality transcending what can 
be built into inanimate film, and if c) 
you are willing to process both a nega- 
tive and a positive before you judge 
your results, don't even bother with 
this new stuff. Stick to Kodak Ekta- 
color Film and Paper. 


Prices are subject to change 
without notice. 
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this 


decades of continuing improve- 


e new Autotechnicon ‘‘duo’ 


echnicon’® 


THE TECHNICON COMPANY @ CHAUNCEY, NEW YORK 


7% 
+ ote Banicon introduced in 1928. 
Primitive by today’s meds (it held only six 
solufion-changes) but what olu it 
TOV 
, Thee" ment 
| staining feccllities on the sam ine, with 
| ither at the a switch and 
= 
a name you can bank on tor quality . efficiency . progress F 
trailblazer in histologic automation 


Harshaw Scientific Offers 
Laboratories National Service 
on a Local Basis 


GLASSWARE 

APPARATUS 

EQUIPMENT 

—— FURNITURE PITTSBURGH 


CHEMICALS 


AMARILLO 


HOUSTO 


BRANCHES * Our Branch Warehouses and Sales Offices are strategically 
CLEVELAND 6, OHIO 


1945 Boer 97th Sereet located to serve you. Select the one nearest you and 

Tel. RAndolph 1-8300 contact them today. Our combined stock, which is 

CINCINNATI 13, OHIO probably the largest in the country, is at your disposal 

6265 Wiehe Rd. regardless of where it is located. Tell us what you need. 

Vel. Sdweed 1-9100 We'll get it to you, when you need it. 

DETROIT 28, MICHIGAN 

9240 Hubbell Avenue Harshaw Scientific, Division of The Harshaw Chemical 

Tel. VErmont 6-6300 Company is unique among laboratory supply houses. We know 

HOUSTON 11, TEXAS what laboratories require since our company employs several 
hundred chemists, acientists, engineers and technicians in its 

6622 Supply Row ? . 

Tel. WAlnut 3-1627 many research, development and control laboratories and we 
stock accordingly...Glassware - Apparatus - Equipment - 

LOS ANGELES 22, CALIFORNIA HARSHAS Furniture - Chemicals 

3237 So. Garfield Ave. 

Tel. RAymond 3-3161 


& Division of the Harshaw Chemical Company 
Cleveland 6, Ohio 


SALES OFFICES @ 

AMARILLO, TEXAS, 3409 S. Jackson Street @ ATLANTA 5, GEORGIA, 3130 Maple Drive, N.E., Tel. CEdar 3-3560 

BATON ROUGE 6, LOUISIANA, 3160 Florida Street, Doherty Building, Room 103, Tel. Dickens 3-1933 @ BUFFALO 2, 

NEW YORK, 260 Delaware Avenue, Tel. GArfield 9-2000 @ HASTINGS-ON-HUDSON 6, NEW YORK, Tel. HAstings 5-8250 

OAKLAND 11, CALIFORNIA, 3826 Piedmont Avenue, Tel. Olympic 5-6511 @ PITTSBURGH 22, PENNSYLVANIA, 
504 Bessemer Building, 6th St. & Fort Duquesne Boulevard, Tel. ATlantic 1-7930 
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NOW! DETECT END POINT ELECTROMETRICALLY! 


with Beckman’ microelectrodes” 
eliminates uncertainty of visual detection! 


Now...titrate even a single drop—easily and accurately—with 
this modification of the Gilmont Ultramicroburet. Perform 
microtitration electrometrically, without need for visual adjust- 
ment of end point. 

Manostat Microtitrator is capable of both oxidation-reduction 
titration and acidimetry-alkalimetry...with special electrodes 
for each process. May be used with any high-empedance pH 
meter. Comes fully equipped with all accessories and solutions. 
Nothing else needed but your pH meter. *Pat. Appl. for 


M15654 MANOSTAT MICROTITRATOR 
complete with Beckman Microelectrodes and 
all accessories, but without pH meter 245.00 
M15655 MICROTITRATOR 
KIT contains all equipment necessary 
convert a Gilmont Ultramicroburet to M156! 4 
28.50 


Write For Microtitrator Bulletin 
** Manufactured exclusively for Manostat Corp. 


The EMI GREINER Co. 20-26 moore Street + Dept. 225 New York 13, N.Y 
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For Quantitative Evaluation of Color or 


Lack of Color in 


Radiobiological and Dermatological Work 


2 


The 
Hand 


Tintometer 


Application: 


Color control of prostheses. 

Artificial teeth. 

Hair. 

Reaction of skin to radiological treatment. 


This small, compact instrument has been de- 
signed to fill a long-felt need for accurate 
quantitative measurement of color or lack of 
color in radiological and dermatological work. 
Rither notation of radiation reactions of the 
skin, or accurate recording of the color changes 
of skin for diagnostic purposes, can be accom- 
plished simply and quickly with the Hand 
Tintometer. 


The advantages of the method are that the 
original color can be reconstructed any time 
for comparison with other samples or with the 
same sample. Also, it is possible to inform 
others of the color value noted in terms of a 
scientifically sound and proven color scale hav- 
ing international acceptance. 


The Tintometer consists of an aluminum hous- 
ing with a pistol type handle, and 60 Lovibond 
color glasses mounted in rotable discs and 5 
neutral tint glasses which can be superim- 
posed over the sample if it is too bright to be 
matched 


Three krypton filled lamps built into the in- 
illuminate 


strument sample and magnesium 


Cat. No. M84928—Hand Tintometer, with carrying case—$960.00 


STANDARD SCIENTIFIC 


808 BROADWAY REAGENTS 
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Jaundice. 
Dermatoplasty. 


Der 


white oxide reference surface. The rotable 
discs contain up to nine color standards each, 
which the operator can interpose at will until 
sample color is matched. 


The instrument was developed by the Tint- 
ometer Ltd. in conjunction with Dr. B. Jolles 
of General Hospital, Northampton, England, 
and reported upon in The Lancet, June 29, 1937. 


Small, _ profes- 
sional type car- 
rying case con- 
tains a_ built-in 
12 volt trans- 
former and 
fitted section 
for the acces- 
sories. The 
Hand Tintome- 
ter weighs 6 
Ibs. oper- 
ates on 115 V. 
AC current 
only. 


LABORATORY 
APPARATUS 


4 
4 
| 
4 
A 
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a new radioisotope counting system 
for biological and clinical research 


Nuclear-Chicago’s ACTIGRAPH Il’—the all new. 
fully aut omatic radio-chromatogram scanning system > 


Completed chart can be placed next to strip to directly 
determine location and intensity of radioactive zones. 


The new Actigraph II is a completely rede- 
signed and improved scanning system for 
recording automatically the position and total 
activity of separated radioactive zones on a 
strip chromatogram. Two reels accommodate 
strips up to 50 feet in length allowing single 
short strips to be spliced end-to-end for con- 
tinuous operation without attention. A wide 
choice of detectors may now be used including 
G-M tubes, windowless gas flow counters, and 
scintillation detectors. Increased sensitivity is 
provided through improved geometry. The 
Actigraph II is available with a wide variety Typical radio- 

of chart recorders including the new “‘recti- + |} chromatogram scan 
linear’ recorder. Chart and strip speeds are made with 
easily synchronized by making identical gear Lifted Aetigraph 
changes. For complete information write us 
and ask for “‘Nucleus #14’’. 


Fine Rassarch Quality. Radiochemioals 


nuclear - chicago 


® 249 WEST ERIE STREET * CHICAGO 10, ILLINOIS 


4 
4 
. 


. . . adds the science of fluorimetry to the 
scope of the Medical and Clinical laboratory 


The Coleman Electronic Photofluorometer is a direct-reading, line- 
operated instrument for the precise analysis of vitamins, estrogens, 
steroids, catecholamines, porphyrins and other physiological fluid com- 
ponents of interest to medical science. 


The Photofluorometer can be used independently for routine analysis 
. or its sensitivity can be extended far into the range of trace- 


analysis by integrating it with a Coleman Junior or Universal Spectro- 
photometer. 


Like the Coleman instruments you already know, the Photofluorometer 
is easy to use . . . easy on the budget, and de- 

livers analytical data with the faithful depend- 

ability you need in a clinical instrument. 4 


Write for new procedure T-147 “Total Catecholamines 
in Urine.” For full data on the Photofluorometer, ask 
for Bulletin B-245. 


COLEMAN INSTRUMENTS INC., DEPT. E, MAYWOOD, ILLINOIS 
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i New Member | IT 
Coleman Electronic Photoflucrometer 


rapid screening test for 


te! 


and other abnormal levels of serum gamma globulin 


Hyland 


Serum dilution 


AGAMMA 


HYPOGAMMA 


NORMAL 


*Trade of Hyland Laboratories 


HYPERGAMMA 


Supplied: Kit containing Latex-Anti-Human Gamma Globulin Reagent and Glycine-Saline Buffer 
Diluent for 40 tests, Normal Serum Controls diluted ready for use, capillary pipettes for preparing 
serum dilutions, divided glass slide, and complete directions for the test. $15.00 per kit. 


Hyland laboratories 


4501 Colorado Blvd. Los Angeles 39, California * 160 Lockwood Ave., Yonkers, New York 
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GUEST-WEICHSELBAUM and STRUMIA 


CAPILLARY 
TUBES 


e For the clinical estimation 
of blood cell volume 
by centrifuge methods 


3018-J. 


CAPILLARY TUBES, Heparinized, of soda-lime glass, for determining 
blood cell volume by Guest-Weichselbaum technique. With thin wall 
and open ends; specially selected for freedom from taper and curva- 
ture. Length 75 mm, outside diameter 1.2 to 1.4 mm. Packed in 


nickel plated screw cap, plastic vials with polyurethane pad in top 
and bottom. 


3018-H. Capillary Tubes, Heparinized, as above described. 


Per oz. vial of approximately 1.15 
3018-J. Ditto, but without heparin coating. 
Per 2 oz. vial of approximately -80 


10% discount in carton containing 12 vials 
15°; discount in lots of 72 vials 8018-H and 3018-J, 
20°, discount in lots of 144 or more\ one number or assorted 


CAPILLARY TUBES, Strumia Type, Oxalated, of soda-lime glass, carefully 
selected for uniform inside diameter, for use in 3018-P Centrifuge. Size 
32 mm long X 0.8 mm outside diameter, with open ends and uniform wall 
0.1 mm thick. Prepared to precise tolerances and coated with anticoagulant 
mixture of ammonium and potassium oxalate in accordance with Strumia 
technique. Packed in transparent plastic, screw cap vials containing 500. 


3018-T. Capillary Tubes, Strumia Type, Oxalated, as above described. 


3018-T2. Ditto, but with heperin lemmenion heparinate) coating, which is 
preferred by some technicians. Per vial of 


3018-TS. Ditto, but without oxalate or heparin coating. Per vial of 500... 4.50 


discount in lots of 12 vials | 3018-T, 3018-T2 and 3018-T5, 
15% discount in lots of 24 vials\ one number or assorted 


ARTHUR H. THOMAS COMPANY 


More and more laboratories rely on Thomas Laboratory Apparatus and Reagents 
VINE ST. AT BRD ¢ PHILADELPHIA 5, PA. 
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CLINICAL AND EXPERIMENTAL 


THE MORPHOLOGIC BASIS OF ANTIBODY FORMATION 
DEVELOPMENT DURING THE NEONATAL PERIOD 


Ropert A. Brivges, M.D.,* RicHarp M. Connie, SoLomon J. Zax, M.D., 
AND Rospert A. Goop, M.D., Pu.D.** 
MINNEAPOLIS, MINN, 


HE rapid somatie and physiologic maturation that occurs during the latter 

part of gestation and during the neonatal period has provided an unusual 
opportunity to gain an understanding of various biologie processes.' Our inter- 
est in the synthesis of gamma globulin and the cellular basis of antibody forma- 
tion has led to a consideration of the development of these processes as revealed 
by changes occurring during the neonatal period. Although newborn mam- 
mals have long been considered to be poor antibody producers, the extent of 
this defect, and its morphologic or physiologic basis, has never been precisely 
defined. Osborn and associates? have presented data indicating that, during 
the second month of postnatal life, human infants begin to form cireulating 
antibody. However, antigenic stimulation during the first month of life results 
in a quantitatively lesser response than that which occurs following such stimu- 
lation at a later time during the first year. A similar pattern of response has 
been demonstrated in various experimental animals. Freund* has shown, 
using sheep red blood cells and Salmonella typhosa as antigens, that while an 
oceasional rabbit will produce antibody during the second week of life, the 
immune response in rabbits prior to 21 days of age is quite irregular. 

From the Pediatric Research Laboratories of the Variety Club Heart Hospital, Minne- 
apolis, nn. 

Aided by grants from the United States Public Health Service, the American Heart 


Association, the Minnesota Heart Association, and the Minnesota Division of the American 
Cancer Society. 


Received for publication July 17, 1958. 
*Fellow of the Arthritis and Rheumatism Foundation. 
**American Legion Memorial Heart Research Professor of Pediatrics. 
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In human infants, the decline in the concentration of gamma globulin which 
regularly oceurs during the first months of life’’ suggests either an excessive 
rate of catabolism or, as seems more likely, a deficient rate of synthesis. When 
this falling gamma globulin concentration is expressed in terms of half-life 
values, a striking similarity is observed between these decay rates and those 
found in children with congenital agammaglobulinemia following the parenteral 
administration of gamma globulin.* Between the second and fourth months of 
life there is, in the normal infant, a short period during which the decline in 
circulating gamma globulin concentration ceases and, as gamma globulin pro- 
duction develops, there begins a period of rising concentration that continues 
into the second year of life. At this time, gamma globulin values are attained 
which approximate those found in normal adults. During this later period of 
rising gamma globulin concentration, the infant is capable of adequate anti- 
body production in response to antigenie¢ stimulation. 


Parr AGAMMAGLOBULINEMIA: IMMUNOLOGIC STUDIES OF A CHILD 


Born ov A Moruer SUFFERING FROM ACQUIRED AGAMMAGLOBINEMIA 

We have recently had the opportunity to study, from birth, a child in whom 
the period of immunologic maturation was placed in sharp focus. This baby 
was a normal child born to a woman with acquired agammaglobulinemia. The 
observations resulting from this study have provided the basis for the other 
clinieal and experimental investigations to be presented in this report. It is 
the purpose of this paper to deseribe the immunologic maturation and develop- 
ment of serum gamma globulin concentrations during the first year of life in 
the baby born to this mother and to present hematologic and pathologic studies 
carried out on normal newborn infants and children. In the last part of this 
report, we will present a series of experiments concerning the immunologie ¢a- 
pacity of the rabbit during the neonatal period in terms of both the morphologic 
and antibody response. These several studies present a consistent correlation 
between the immunologic inadequacy of the neonate and certain morphologie 
deficiencies in the lymphoid and hematopoietic tissues characteristic of this pe- 
riod of life. 
MATERIAL AND METHODS 


A 33-year-old white woman suffering from acquired agammaglobulinemia has been 
under study in our laboratories since 1952, This patient, originally reported by Prasad 
and Koza,” has been shown to lack gamma globulin by paper and free electrophoretic 
analysis, to be of blood group O and to lack both anti-A and anti-B isoagglutinins. As 
with other agammaglobulinemie patients, intensive and repeated stimulation with a wide 
variety of potent bacterial and viral antigens did not result in the formation of circulat- 
ing antibodies.1o-12 Hematologic studies revealed the virtual absence of plasma cells 
from her lymph nodes, bone marrow, and spleen despite intensive antigenic stimulation. 
Ilowever, during the last trimester of this pregnaney with the child to be described, 
antigenic stimulation with typhoid-paratyphoid vaccine resulted in a minimal but definite 
antibody response against the H, O, and B antigens, vet there had been no response to 
this same stimulation during the first two trimesters of pregnaney. 

On Oct. 22, 1954, she gave birth to a normal female infant. Following delivery of 
the placenta and child, the antibodies present in the mother’s blood gradually disappeared 
and subsequent antigenic stimulation revealed that the patient had again become incapable 


of an immune response to these same antigens. At no time during the pregnancy was 


; 
; 4 
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gamma globulin demonstrable by electrophoresis. Immunochemical determinations during 
pregnancy!s, 14 revealed that the actual concentration of gamma globulin remained con- 
sistently below 12 mg. per 100 ml. in spite of the slight immunologie response previously 
described. 

During the neonatal period antigenic stimulation was provided to the child by the 
administration of TAB vaccine (Lederle) for immunization. One-tenth millimeter was 
given intradermally and 0.4 ml. was given subcutaneously at the same site. This vaccine 
contains 1,000 million S. typhosa, 250 million paratyphi A, and 250 million paratyphi 
B organisms per milliliter. This antigen was given initially on the second day of life and 
then at weekly intervals thereafter during the first 2 months of life. The same quantity 
of antigen was then given at monthly intervals throughout the remainder of the first 
year of life. Cord blood was obtained from the placenta immediately after delivery, 
and venous blood was obtained from the internal jugular vein at 2 and 7 days of age and 
then at weekly intervals during the first 244 months and at monthly intervals thereafter 
until the baby was 14 months of age. A final specimen was obtained when the child 
was 2 vears old. The determination of agglutinins against H, O, and B antigens was 
performed by serial twofold dilutions of serum in saline beginning with a 1:5 dilution. 
Three-tenths millimeter of these dilutions was mixed with 0.3 ml. of a standardized 
suspension of each antigen. The sealed tubes were incubated at 37° ©. and the antibody 
titer read the following day after standing for 2 hours at 4° ©. The end point was 
taken as the last tube which showed agglutination. Known positive and negative serum 
controls were included with each series of determinations. The H, O, and B antigens 
used in this study were generously provided by Dr. Henry Bauer of the Minnesota State 
Board of Health. The baby was found to be blood group O.  Isoagglutinins against 
heterologous blood groups were performed after blood typing using commercial typing 
sera (Ortho) by making serial twofold dilutions of serum in saline starting with a 1:5 
dilution. Fresh cells were obtained from appropriate donors and washed 3% times in 0.145 
M saline or until the supernatant was clear, When negative results were obtained in the 
lowest dilution, full strength serum was used to exclude the presence of minute amounts 
of antibody. To 0.5 ml. of each serum dilution, 0.1 ml. of a 2 per cent suspension of 
washed cells was added. Saline controls were run with each series of determinations. 
These were mixed and then incubated in a water bath at 87° ©. for 30 minutes. All 
tubes were then centrifuged at 1,000 r.p.m. for one minute in an International centrifuge 
(size 2, Model V). The last tube with agglutination of the red cells was taken as the 
titer. 

Serum gamma globulin levels have been determined by an immunochemical 
method,!3, 14 and by analysis of total protein using a standard biuret technique together 
with paper electrophoresis or free moving boundary electrophoresis. The paper electro 
phoretie patterns were run on a Spinco Model E electrophoresis apparatus and analyzed 
on a Spineo Analytrol. Free electrophoresis was performed on a Klett free electrophoresis 
apparatus utilizing a veronal buffer of pH 8.6 and 0.1 ionic strength. Percentage values 
for each protein fraction were then calculated and the gamma globulin fraction deter 
mined in reference to the total protein determination. The zine turbidity determinations 
of gamma globulin were based on the method of Kunkel.1® Lymph node biopsies were 
obtained from the baby in the immediate neonatal period, at 6 days of age (4 days 
following loeal antiyeni¢ stimulation), at 3 months of age, and again at 14 months of 
age. Imprints of the node were prepared and stained with Wright-Giemsa by the method 
of Downey. In addition, material from the lymph node biopsy was fixed with formol 
saline or absolute alcohol and stained with hematoxylin-eosin or methyl green-pyronine 
according to standard procedures. 


RESULTS 
During the neonatal period this child was clinically indistinguishable, by 
all morphologic and immunologic criteria, from a patient with agammaglob- 


ulinemia.* For example, as shown in Fig. 1, the paper and free electrophoretic 
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Fig. 1.—Electrophoretic patterns during the first year of life in immunologically normal 
child born of an agammaglobulinemic mother. A, Ascending boundary electrophoretic pat- 
tern of the mother’s serum taken at time of delivery of the child. B, Descending boundary 
of maternal electrophoretic pattern. OC, Ascending boundary of the infant's electrophoretic 
pattern of serum ames b venepuncture at 2 days of age. Note complete absence of 
gamma globulin peak * * sscending boundary of electrophoretic pattern obtained from 
baby at 2 months of ae Gamma globulin is still absent from the serum. EH, Ascending 
boundary of electrophoretic pattern obtained from serum of the baby at 14 months of age. 
Gamma globulin is now present in normal amounts. F, Serial paper electrophoretic patterns 
obtained on the baby born of agammaglobulinemic mother. This picture illustrates the 
growth of gamma globulin synthesis during the first year of life. At birth, gamma globulin 
is completely absent. Gamma globulin appears at 3 months and increases rapidly and 
steadily in amount during the remainder of the first year of life. 
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patterns of both the mother and baby lacked a gamma globulin peak. By im- 
munologie determination, the gamma globulin concentration in both the cord 
and maternal serum was 11 mg. per 100 ml. Plasma cells were absent from 
the bone marrow of both the mother and the baby (Table 1). The lymph node 


TABLE I. COMPARISON OF NUMBERS OF PLASMA CELLS IN BONE MARROW OF AGAMMAGLOB- 
ULINEMIC MoTHER, HER NEWBORN BABY (AN IMMUNOLOGICALLY MATURE CHILD), 
AND A PATIENT WITH CONGENITAL AGAMMAGLOBULINEMIA 


| NO. OF PLASMA| ANTI-O 


CELLS PER AGGLUTININ 
20,000 Nv- TITER- 
CLEATED MAXIMUM 
MARROW TITER BLOOD ISOAGGLUTININ 


PATIENT CELLS OBTAINED” | Group | ANTI-A | ANTI-B 


L.L. Pregnant, acquired 
agammaglobulinemia, 
prior to antigenic stimu- 
Jationt 33 yr. 
L.L. As above, 5 days fol- 
lowing injection of anti- 
gen (third trimester) 33 yr. 


R.L. Newborn female, born 
of agammaglobulinemic 
mother 2 days 
R.L. As above, + 4 days 
following injection of 
TAB vaccine 6 days 
R.L. As above, 4 days fol- 
lowing antigenic stimula- 
tion 3 mo. Ze 1/160 10 
R.L. As above, 4 days fol- 
lowing antigenic stimula- 
tion 14 mo. 1/1,280 1/1,280 1/320 


Ten-year-old with 
congenital agammaglob- 
ulinemia 

28. <As above, 4 days 
“after antigenic stimula- 
tion 


T.M. Normal, mentally 

deficient child S yr. 72 0 1/320 1/80 
T.M. As above, 5 days fol- 

lowing TAB vaccine 8 yr. 138 1/6401 O 1/320 1/80 


*Maximum agglutinin titer obtained 14 days following intradermal injection of 0.1 mil. 
and subcutaneous injection of 0.4 ml. of Lederle TAB vaccine containing 1,000 million heat- 
killed 8. typhosa, 250 million 8S. paratyphi, and 250 8. schottmiilleri organisms per milliliter. 


+Patient had no gamma globulin by electrophoretic method, but had 11 mg. per 100 ml. 
of serum by immunochemical measurement. 


tissue of the baby at the time of biopsy on the seeond day of life was devoid 
of plasma cells, and the latter did not appear in the medullary portion of the 
lymph node on the fourth day following antigenic stimulation. During the first 
2 months of life, weekly injections of typhoid-paratyphoid antigens did not re- 
sult in the development of a demonstrable amount of cireulating antibody. The 
serum gamma globulin concentration remained at or below 11 mg. per 100 ml. 
during the first month of the baby’s life and did not show a concentration 
higher than this base-line level until the forty-second day when the concentration 


335 
2 0 0 0 0 
1 1/80* Oo 0 0 
10 yr. 0 0 Oo 0 0 
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was found to be 115 mg. per 100 ml. Following this initial rise, the gamma 
globulin concentration in the baby’s serum rose rapidly to levels normally ob- 
served during the first year of life. By paper electrophoresis, gamma globulin 
was not detectable until the sixty-seventh day of life. At this same time, on 
the sixty-seventh day, a titer of 1:160 against the I antigen of the TAB vae- 
cine was first observed. At 3 months of age another lymph node biopsy was 
performed in the area draining the site of an intracutaneous and subeutaneous 
injection of typhoid-paratyphoid vaccine. The lymph node at this time pos- 
sessed a morphologic appearance more like that found in adult lymph node 
tissue. Both primary and seeondary nodules were present* and plasma cells 
were seattered throughout the medullary cords. 


e——e Normal Offspring of Antibody to H antigen 
Agammaglobulinemic Antibody to O antigen 


Mother @EEES Antibody to B antigen 


Iso-agglutinin titer 
Normal Human Range 


Antibody Titer 
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Fig. 2.—The development of gamma globulin and the formation of circulating antibody 
in the Baby born to a woman with acquired agammaglobulinemia. The details concerning 
antigenic stimulation are given in the text. The shaded area over the graph indicates the 
normal range of gamma globulin concentration during this period of life as determined by 
the immunochemical technique in our laboratory. The solid line plots the gamma globulin 
concentration present in the baby studied while the vertical bars represent the titers of the 
various antibodies measured as indicated in the legends on the graph. 


By 3 months of age, circulating agglutinins against the H, O, and B anti- 
gens of the TAB vaceine were present. In this baby (blood group O), isoagglu- 
tinins against both A and B cells were lacking at birth and throughout the first 
2 months of life. At 3 months of age, however, isoagglutinins in a titer of 1:10 
were present against A cells although the anti-B titer was still negative. By 
the sixth month the anti-A titer had risen to 1:80 and the anti-B titer to 1:10. 


*The terminology used in this paper in reference to nodular formations within the 
lymph nodes is defined as follows. This is modified after Gyllensten.” Large primary 
nodule; The diffuse collection of cortical lymphocytes bounded by the cortical trabeculae 
and the medullary cords. Small primary nodule: The dense collections of small lymphocytes 
found within the cortical tissue. Secondary nodule: Small primary that have formed cen- 
ters. The center activity may be further described as early, high active, or terminal.” 
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The cases of addition of bacteriostatic and bactericidal activity with the 
38 paired antibiotic combinations (agar diffusion method with replica plating) 
are given in Table Ill. Additive potentiation of the bacteriostatic activity of 
oleandomyein and its mixtures appeared most frequently with bacitracin, 
chloramphenicol, erythromycin and, as might be expected, by combinations 
of pairs within the oleandomycin mixtures. From these results it would 
appear that certain antibiotic combinations might be more effective than those 
presently available. Furthermore, different proportions of antibiotics in 
these mixtures might enhance their activity against staphylococci. The sum- 
mation of bactericidal activity (Table II1) showed a similar pattern, with 
neomycin appearing more effective and tetracycline less effective than in 
bacteriostasis. 


TABLE IIT, AppitiveE ANTIBACTERIAL Activity oF 12 ANTIBIOTICS WitH 30 HosprraL 
STRAINS OF STAPHYLOCOCCUS AUREUS (BY AGAR DIFFUSION WITH REPLICA PLATING ) 


BACTERICIDAL COMBINATIONS | 
(ORIGINAL PLATE ) (REPLICA PLATE ) | 
ANTIBIOTIC | O AP APG Si si | APG AP O 
AP 2 18 
APG 2% 16 S 17 
Si 2 : 24 
B 2 24 oe 24 
5 2 20 23 
N 21 20) 
10 15 
10 10 
4 5 
AP oleandomycin-penicillin; APG oleandomycin-penicillin 
a; Si Sigmamycin (oleandomycin-tetracycline) ; O oleandomycin; B bacitracin; C 
chloramphenicol; le erythromycin; No novobiocin; T tetracycline; P penicillin ; 
N neomycin; V vancomycin. The number given indicates the number of strains out 
of 30 showing addition of antibacterial activity with o pair of antibiotics. 


No instance of true synergism was found in any combination of 8 common 
antibiotics with oleandomycin or its mixtures. Antagonism of bacteriostatic 
activity was exceedingly rare with oleandomyein combinations (Table IV). 
As seen in Table V, the 3 cases of antagonism of bacteriostasis all occurred 
with just one strain of staphylococcus (No, 10). Antagonism of bactericidal 
activity as shown in Table IV, although not frequent, appeared more often. 
Antagonism of bactericidal effeets oceurred in 79 cases, including only 18 
out of the 30 strains of staphylococcus. Nine strains showed antagonism of 
bactericidal activity with 8 or more antibiotic combinations. One-third of 
these strains accounted for 82 per cent of the cases of antagonism. It should 
be noted that 38 antibiotic combinations were tested against 30 strains of 
staphylococcus; therefore, Table TV represents the incidence of antagonism 
in 1,140 possible cases. 

The combined antibacterial effects, both bacteriostatic and bactericidal, 
with each of the 30° strains of staphylococcus and 38 paired antibiotic 
combinations containing oleandomyein are shown in Table VV. There were 5 
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TABLE IV. ANTAGONISTIC ANTIBACTERIAL Activity oF 12 ANTIBIOTICS WITH 30 HOSPITAL 
STRAINS OF STAPHYLOCOCCUS AUREUS (BY AGAR DirrUSION WITH REPLICA PLATING ) 


BACTERIOSTATIC COM BINATIONS | BACTERICIDAL COMBINATIONS 
| (ORIGINAL PLATE ) (REPLICA PLATE ) 
ANTIBIOTIC | Si APG AP 
Si 
APG 
AP 
No 
Vv 
P 
N 
B 
Note: For key to abbreviations see Table III. 
The number given indicates the number of strains out of 30 showing antagonism of 
antibacterial activity with a pair of antibiotics. 


Tasi.e V. CoMBINED ANTIBACTERIAL Errects OF 38 OLEANDOMYCIN COMBINATIONS AGAINST 
30 HospitaAL STRAINS OF STAPHYLOCOCCUS AUREUS (BY AGAR DIFFUSION 
REPLICA PLATING) 


NOEFFECT | ANTAGONISM 


ORIGINAL REPLICA | ORIGINAL | REPLICA | ORIGINAL REPLICA 
STRAIN | PLATE PLATE PLATE | PLATE PLATE 


19 
oo 
24 
20 
27 
*Kach number refers to the number of cases of combined effect out of a possible total 
of 
tThese strains were highly resistant by the tube method to oleandomycin, AP, APG, 
Sigmamycin, and many of the other antibiotics tested. It will be noted that none of these 
strains showed antagonism and all showed less addition than the more susceptible strains. 
Other strains showing less resistance had a higher incidence of addition and antagonism. 
This demonstrates that for an organism to react favorably or unfavorably to a combination 
it must be susceptible to the antibiotics used. No instances of synergism were found. 


1 17 l4 21 17 0 7 
2 17 22 21 21 0 12 
3 22 17 16 26 0 0 
4 23 17 15 19 0 2 
5 21 17 17 20 0 1 , 
6 21 12 17 25 0 1 7 
bz 7 19 22 19 15 0 1 ~ 
8 22 18 16 18 0 2 ‘ 
9 14 13 24 21 0 4 ‘ 
10 16 25 19 13 3 0 | 
11 29 29 9 9 0 0 
lz 11 11 27 27 0 0 
It 25 28 13 10 0 0 
14 11 14 27 19 0 5 ; 
15t 29 28 9 10 0 0 | 
16 24 16 14 20 0 2 
; 17+ 25 25 13 13 0 0 
18 25 13 13 17 0 8 : 
9 11 29 27 0 0 
20 19 13 19 25 0 0 : 
21 20 16 18 20 0 2 | 
vet 30 31 8 7 0 0 
23 15 4 23 23 0 11 : 
24 11 6 27 31 0 1 
25 14 9 24 29 0 0 
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strains of staphylococcus (Nos. 11, 13, 15, 17, and 22) highly resistant to the 
oleandomycin group, as well as to other antibiotics. The resistant strains, 
as might be expected, showed less addition of antibiotic activity than the 
more susceptible strains. Furthermore, the highly resistant strains showed 
no antagonism between antibiotics. Three susceptible strains (Nos, 2, 25, and 
27) showed a higher incidence of antagonism. Table VI again demonstrates 
that resistant strains of staphylococcus showed less addition of antibiotic ac- 
tivity than did the susceptible strains. Likewise, resistant strains showed 
less antagonism of antibiotic bactcricidal effects. 


TABLE VI. ANTIBACTERIAL ACTIVITY OF 4 OLEANDOMYCIN COMBINATIONS AND 8& OTHER 
ANTIBIOTICS IN PAIRS AGAINST RESISTANT AND SUSCEPTIBLE STRAINS 
OF STAPHYLOCOCCUS AUREUS 


ORIGINAL PLATE REPLICA PLATE 
NUMBER | NO | | ANTAGO- NO ANTAGO 
or EFFECT | ADDITION NISM EFFECT | ADDITION NISM 


ANTIBLOTIC STRAINS |( PER CENT) |( PER CENT) (PER CENT) |(PER CENT) |(PER CENT) \(PER CENT) 


A. Resistant™ 
Oleandomycin 
Sigamycin 


60+ 40 ‘ 0 
81 19 ' 5 
71 29 0 
69 0 


| 


APG 


B. Susceptible 

Oleandomycin 2 40 9.8 

Sigamycin 41.5 324 6.3 
¥ 5 43.6 56 0.4 29.8 10.2 

APG 2 46.2 O4 38.0 ole 9.8 


*Resistant to 6.25 sg or more per 
tion method. 

tKMach number represents the per cent of cases 
effect upon antibacterial activity when tes ‘ed in 


milliliter of antibiotic in column 1, by the tube dilu- 


showing addition, antagonism, or no 
combination with another antibiotic. 
TABLE VII. Errect or ANTIBIOTIC RESISTANCE Activity OF OLEANDOMYCIN COMBINA 
TIONS AGAINST HOSPITAL STAPHYLOCOCCI 
if ORIGINAL PLATE REPLICA PLATE 
NUMBER | 
OF NO EFFECT ADDITIVE NO EFFECT ADDITIVE 
ANTIBLOTIC STRAINS | (PER CENT) | (PER CENT) | (PER CENT) | (PER CENT) 
1. Sigmamyein 
Tetracycline 
Susceptible 
Resistant 


| 


2. Oleandopen (AP) 


Penicillin G 
Susceptible 
Resistant 
3. Fortified oleandopen ( APG) 
Penicillin G 
Susceptible 10 20 
Resistant 20 70 


Note: None of these combinations proved antagonistic synergistic. 


In Table VIL it is shown that oleandomycin had enhanced bacteriostatic 
and bactericidal effects against susceptible staphylococci upon the addition 
of tetracyeline or penicillin G. Additive potentiation was rarely seen with 
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resistant strains. This confirms earlier reports®’’ that antibioties in pairs 
have little or no combined effect on bacterial growth if the strain of staph- 
ylococcus is resistant to either antibiotic. 


DISCUSSION 

The present studies confirm the fact®* that erythromycin is much more 
effective than the closely related antibiotic, oleandomycin, in retarding the 
multiplication of staphylococci. Jones and Finland® have also shown that 
erythromycin produces greater antistaphylococeal activity in the blood of 
human beings after a single oral dose. Erythromycin was far more active 
than any of the oleandomyecin combinations, particularly if subeultures of 
broth tubes were examined for bactericidal effect. Even in high conecentra- 
tions oleandomyein failed to kill most strains of hospital staphylococeus. 

Sigmamycin, a mixture of one part oleandomycin and two parts tetra- 
eycline, was more active than either component alone. The potentiation 
measured by agar diffusion was additive rather than truly synergistic, as 
claimed by English and associates." Furthermore, potentiation was seldom 
seen with strains of staphylococcus resistant to tetracycline, which are now 
frequent in hospitals. 

The oleandomycin salt of penicillin G = (oleandopen or AP) was more 
actively bacteriostatic than either oleandomycin or penicillin alone. Again 
the potentiation was additive in behavior rather than truly synergistic. Simi- 
lar results were obtained with oleandopen fortified with additional penicillin 
G@ (APG). In neither case was there enhanced activity against penicillin- 
resistant strains. 

Observations on cross-resistance to erythromyein and oleandomyein in 
hospital staphylococei in general tend to confirm the greater activity of eryth- 
romyecin, One strain of staphylococcus which was naturally erythromycin- 
resistant, however, was susceptible to oleandomyein. Five strains resistant 
to oleandomycin were inhibited by erythromycin. Two strains in which 
erythromyein resistance was induced beeame much more resistant to oleando- 
mycin, Yet after induetion of resistance to oleandomyein, erythromycin re- 
sistance appeared in only one of the two strains. Others’ '' found that 
strains in which oleandomyein resistance was induced were regularly cross- 
resistant to erythromycin. Garrod® showed, on the contrary, that staphylo- 
cocci naturally resistant to erythromyein, although often highly resistant to 


oleandomyein, spiramyein, and other antibiotics of the erythromycin group, 
inay in some cases be resistant only to erythromycin. With the latter type 
of “dissociated” strains, Garrod’ demonstrated that erythromycin in moderate 


concentrations permitted the staphylococei to grow in the presence of oleando- 
mycin. The dissociated strains were not dependent upon erythromycin but 
growth stimulation was dependent upon the concentration of erythromyein 
in oleandomycin media, 

The present work demonstrated neither antagonism nor synergism of ac- 
tion between erythromycin and oleandomycin against either susceptible or 


| 
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resistant strains of staphylococcus. These two antibioties frequently had addi- 
tive antibacterial activity but with resistant strains only the most active 
antibiotic was effective, and this usually was erythromycin. 

Potentiation of the bacteriostatic effects of oleandomycin was seen much 
more frequently upon the addition of bacitracin, chloramphenicol, and erythro- 
iyein than with tetracycline in these resistant hospital strains of staphylo- 
coceus. This is to be expected. It is pertinent that of 179 strains of coagu- 
lase-positive staphylococcus isolated from the blood or infected lesions of 
patients in this hospital in 1957, the percentage resistant to various antibiotics 
(disk method) was as follows: tetracyeline 69, penicillin 68, streptomycin 66, 
erythromycin 28, chloramphenicol 18, novobiocin 1, and neomycin 0.6. 

Previous studies® with the same 30 hospital strains used in the present 
work showed antagonism of the bactericidal action of novobioein by several 
commonly used antibiotics. The present investigations revealed antagonism 
of this type most frequently with Sigmamyein, especially in combination with 
oleandopen (AP), fortified oleandopen (APG), and novobioein. Antagonism 
of bactericidal activity was fairly frequent with oleandomyein combinations, 
particularly with vancomyein and oleandopen (AP). Antagonism with eryth- 
romyein combinations was much less frequent.” 

Antagonism of antibacterial effeets occurred only with susceptible strains 
of staphylococcus (Table VI) and seemed to be characteristic of certain of 
these cultures (Table V). Additive potentiation of antibiotic effeets was seen 
frequently with susceptible strains but rarely with resistant strains (Tables 
V, Vi, and VII). This observation does not support the conclusion of English 
and his group! that synergistic potentiation occurs with Sigmamyein against 
resistant staphylococci. It may be important that they used seleeted strains 
of staphylococcus and their broth method of in vitro measurement permits 
a considerable variation in results when repeated or compared with results 
obtained by agar diffusion. 


SUMMARY AND CONCLUSIONS 
1. Thirty hospital strains of coagulase-positive, hemolytie Staphylococcus 
aureus were exposed to individual antibioties of the erythromyein group: 
erythromycin, oleandomycin, oleandopen (AP), fortified oleandopen (APG), 
and Sigmamycin, ‘These strains were then tested against pairs of all of these 


antibioties and bacitracin, chloramphenicol, tetraeyeline, penicillin, neomyein, 
vancomycin, and novobioein. The tube dilution technique was used to meas- 
ure bacteriostasis by single antibioties and subculture of the clear tubes to 
measure bactericidal end points. The paper strip-agar diffusion method was 
used to test the bacteriostatic effect of antibiotic pairs. Replica plates were 
prepared to record the bactericidal action of antibiotie pairs. 


2. The most active drugs as measured by bacteriostatic effect were eryth- 
romyein and Sigmamyein. Sigmamycin was more active than either of 
its two components, oleandomyein and tetracyeline. The oleandomyecin-peni- 
cillin mixtures (AP and APG) were slightly more active than oleandomyein 
and much more active than penicillin G against these predominantly peni- 
cillin-resistant strains. 
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3. Tests of the bactericidal action showed erythromycin to be the most 
active drug in the erythromycin group. Oleandomycin was the least active 
of the antibiotics tested. 

4. Cross-resistance between erythromycin and oleandomycin was fre- 

quent in erythromycin-resistant staphylococci but the reverse situation was 
not frequent. 
5. Additive potentiation of the bacteriostatic activity of oleandomycin 
and its mixtures in paired combinations with other antibioties (agar diffusion 
method) appeared most frequently with bacitracin, chloramphenicol, erythro- 
mycin, and, as expected, with other oleandomycin mixtures. Potentiation of 
the bactericidal activity (replica plating method) was not frequent with neo- 
mycin, Tetraeyeline was less effective in increasing bactericidal action than 
in enhancing bacteriostasis. 

6. No instances of true synergism of antibacterial effects were seen with 
any of the antibiotic combinations studied. 

7. Antagonism of antibiotic bacteriostasis was rare. Antagonism of 
bactericidal aetivity occurred more frequently, particularly with certain sus- 
ceptible strains. One-third of the strains accounted for 82 per cent of the 
instances of antagonism, 

&. Most of the antibiotic interaction, both addition and antagonism, oc- 
curred with the more susceptible strains of staphylococcus, 

Technical assistance in the experiments on cross-resistance to erythromycin and 
oleandomycin was given by Miss Marilyn J. Johnson. 
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PANCREATIC ACTION OF THE SULFONYLUREAS 


Arruur R. Jr., M.A., M.D., anp Joun A. M.D. 


1K sulfonylurea compounds are now widely employed in the treatment of 

diabetes mellitus. Their exact influence on carbohydrate metabolism has not 
yet been elucidated. Information concerning the means by which these agents 
lower the blood glucose may shed light on the mechanism of panereatice insulin 
secretion and the nature of diabetes itself, 

Loubatiéres and associates' in 1942 began their studies of the hypoglycemic 
action of the isopropylthiodiazole derivative of sulfanilamide and similar drugs, 
and in 1946 suggested its use in diabetic patients.” In the last 3 years interest 
in this problem has revived, and a wealth of experimental data has accumulated, 
Many of these articles present only preliminary results or conflicting informa- 
tion. Stetten® has recently pointed out certain inconsistencies of the studies re- 
ported thus far, and ealled for a re-evaluation of the problem. It is the purpose 
of this paper to present direet evidence regarding the site of action of these 
drugs, and to review critically the pertinent literature. 


Karlier experiments have been deseribed elsewhere." Acute operative 


studies have been performed on 59 dogs to determine the consequences of per- 


fusing sulfonylurea solutions through the panereas and liver. The data sup- 
port the general consensus that these compounds cause hypoglycemia primarily 
by their influence on the panereas. A stimulation of insulin release by the beta 
cells of the islets of Langerhans is postulated. The exact mode of action 
of the sulfonylureas may remain unknown until a better understanding is 
gained of the means of synthesis, storage, and secretion of insulin. 


METILODS 


Animals.—Small amounts of tolbutamide,* ecarbutamide,t or control substances 
were introduced into the pancreatic artery in 27, into the femoral vein in 17, into 
the hepatie artery in 8, and into the portal vein in 7 dogs. Healthy mongrel animals of 
both sexes weighing between 10 and 25 kilograms consumed a ration containing approximately 
10 per cent carbohydrate, 35 per cent protein, and 25 per cent fat ad libitum for one week 


prior to the experiment, They were fasted for 18 hours immediately before operation. 


Surgical Procedurc.—Animals were anesthetized intravenously by means of 25 mg. of 


Nembutal for each kilogram of body weight. They were maintained in a light plane of 
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anesthesia with small subsequent doses. Total amounts given over the experimental period 
ranged from 250 to 925 mg. 

In dogs subjected to pancreatic perfusion, the right gastroepiploic artery was isolated 
and cannulated with a polyethylene catheter (Fig. 1). The pancreaticoduodenal artery was 
identified at its entrance into the pancreas. The test solution was injected at a slow rate in 
a retrograde direction by means of a constant infusion pump, In this fashion all the body 
and portions of the head and tail of the pancreas could be perfused without disturbing their 
blood supply. Anatomic dissections following dye injection have indicated that approxi 
mately one third to one half of the pancreas is included by this method (Fig. 2). Animals 
of the femoral vein group were subjected to dissection of the pancreatic circulation in order 
to reproduce the surgical stress obtained in the experimental dogs. Pancreatic ducts were 
ligated in 4 animals, and 6 months later the pancreatic artery injection was performed in the 
manner described above. 

Another series of dogs received perfusion of the liver via the hepatic artery or portal 
vein. In the former technique, the left branch of the common hepatic artery was catheter 
ized (Fig. 1) so that at least half of the organ could be perfused without completely in 
terrupting the arterial supply. Portal injection was accomplished by cannulating a splenic or 
mesenteric tributary, 

Perfusions.—Solutions containing 5 to 10 mg. per milliliter of tolbutamide (sodium 
salt) or carbutamide were adjusted to pH 7.2. Control solutions were identical in osmolarity 
and pif to experimental solutions but the sulfonylurea was omitted. In two animals of 
the pancreatic control group, sodium sulfadiazine instead of sulfonylurea was employed in 
the same dosage. Rate of perfusion varied from 0.4 to 0.9 ml. per minute and total volume 
from 7.0 to 19.3 ml. Duration of perfusion was 20 minutes in all animals except those 
treated for 90 minutes in a few early screening experiments. Total amount of sulfonylurea 
administered over these periods varied between 0.07 and 1.13 Gm. Dosage of tolbutamide or 
carbutamide was 1 to 71 mg. per kilogram of body weight. Table I illustrates that the 
mean dosage, volume, and perfusion rate of sulfonylurea were closely comparable for the 
experimental and control groups of the different injection sites. 

Samples.—Blood specimens were withdrawn from the femoral vein immediately prior to 
anesthesia, operation, and perfusion and at intervals of 10 to 30 minutes following the 
beginning of the perfusion for 4 hours. Glucose was estimated by the method of Somogyi 
Nelson.7 Free blood sulfonamide was determined in the carbutamide-injeeted animals by 
the method of Bratton and Marshalls Estimate of blood concentration was not accomplished 
in the tolbutamide series. In the carbutamide groups, biopsies were taken from the mid 
portion of the head of the pancreas before and after perfusion, fixed in Bouin’s solution 
and 70 per cent aleohol, and stained with aldehyde and fuchsin to demonstrate islet cells. 


Frozen pancreas from some animals was assayed for insulin. 


RESULTS 
Appraisal of Experimental Procedure.—To justify comparison between the 
results of injection of various experimental or control solutions into the dif- 
ferent sites, animals must be similar in physical condition, treated in the same 
fashion, and show a similar response to operative stress prior to perfusion. 


Table I gives values for these factors for groups of animals subjected to the 
different surgical procedures. It is seen that for the different sites in both the 
sulfonylurea and control groups, the mean body weight (17.0 to 19.9 Kg.), 
amount of anesthesia (33.3 to 41.0 mg. per kilogram of body weight), and 
duration of surgery before perfusion (86 to 120 minutes) were comparable. 
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Fig. 1.—-Arterial supply of the dog pancreas and liver. A polyethylene catheter has 
been placed in the right gastroepiploic artery so that pancreatic perfusion can be accomplished 
without interruption of the blood flow through the pancreaticoduodenal artery. Another cathe- 
ter in the left hepatic artery permits perfusion of the liver. 


Fig. 2.—Anatomic preparation of the dog pancreas and liver, showing the arteriai cir- 
culation (Fig. 1) outlined by methylene blue dye injection. An experimental solution intro- 
duced into the celiac axis is carried into the body und portions of the head and tail of the 


pancreas, 
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Anesthesia caused a rise in mean blood glucose which was similar for all 


sites of injection.* Further inerement in blood glucose during operation was 
almost the same for the 3 major sites.t This latter rise was also comparable in 
the sulfonylurea and nonsulfonylurea groups for each site (Figs. 3, 4, and 5). 
Dissection for cannulation of the portal vein, however, caused a 44 per cent 
elevation in blood glucose. Dogs in which the pancreatic duets had previously 
heen ligated showed 31 per cent rise in glucose with dissection of the pan- 


creatic artery, apparently tolerating the stress of surgery poorly because of 
undernutrition. 


PANCREATIC ARTERY 


COWTRMOL (4) 


PREOPERATIVE 


BLOOD GLUCOSE 


CHANGE (%) 


OrERaTtion TOLOUTAMIDE (6) 


PERFUSION 


HOURS 


From START OF PERFUSION 


Fig. 3 Mean curves of blood glucose following (1) pancreatic perfusion of tolbutamide 


in a dosage of 7 me. per kilogram of body weight, or (2) a solution lacking sulfonylurea. 
The figures in parentheses refer to the number of dogs in each group. 


Most of the hyperglycemia noted prior to perfusion with the different teeh- 
niques was due to barbiturate anesthesia (average of all dogs, 15 per cent rise 
in blood glucose), There was a further inerease with operation, presumably 
of adrenal cortieal or medullary origin, which depended on the type of pro- 
cedure applied. The reason for the differences in this response for the various 
sites is unknown. Alterations in panereatic blood flow and disturbance of 
nerve pathways around the portal vein are faetors whieh might be concerned. 
The fasting imposed prior to the operative procedure might have limited the 
‘capacity of the pancreas to respond to these stresses. 

The question of the influenee of this hyperglyeemia from operation and 
anesthesia on the subsequent hypoglycemic response to injeeted agents has a 

*Average increase in blood glucose following Nembutal anesthesia (prior to surgery) 


in all control and experimental dogs for each site of injection was as follows: pancreatic 
artery 20, femoral vein 13, hepatic artery 16, portal vein 5, and pancreatic artery in con- 
Junction with duct ligation 19 per cent These averages were calculated from the initial level 
of blood glucose taken before anesthesia was given. 

tAverage further increase in blood glucose during the operative procedure was as 
follows pancreatic artery 15, femoral vein 16, hepatic artery 6, portal vein 44, and pancre- 
atic artery in conjunction with duct ligation 31 per cent. These averages also were caleulated 
from the initial preanesthetic level of blood glucose and represent the further increment 


be- 
yond the rise due to anesthesia (see footnote above). 
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direct bearing on interpretation of the data. Of course, use of control animals 
subjected to the same stresses should help answer this objection. In addition, 
to determine whether anesthesia and surgery might block the peripheral effects 
of pancreatic insulin seeretion, two animals were subjected to dissection of the 
panereatie circulation under Nembutal anesthesia and were then injected 
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PREOPERATIVE VALUE 


BLOOD GLUCOSE 


TOLBUTAMIDE (6) 


OPERATION 


PERFUSION 


HOURS 


FROM START OF PERFUSION 


Fig. 4.—Mean curves of blood glucose following introduction of tolbutamide (6 dogs) 
or a control solution (4 dogs) into the femoral vein. Dosage of tolbutamide used (7 me. per 
kilogram of body weight) was identical with that in the experiments depicted in Fig. 3. 


HEPATIC ARTERY 


ComTmo. (3) 


TOLBUTAMIDE (5) 


BLOOD GLUCOSE 


CHANGE (%) FROM PREOPERATIVE 


OPERATION 


PERFUSION 


HOURS 
FROM START OF PERFUSION 


Fig. 5.—Mean curves of blood glucose after perfusion of tolbutamide (5 dogs) or a con 
trol solution (3 dogs) through the left branch of the common hepatic artery Dosage of 
tolbutamide used (7 meg. per kilogram of body weight) was the same as in Figs. 3 and 4 
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intravenously with 0.2 unit of erystalline insulin*® per kilogram of body weight. 
An immediate drop in blood glucose occurred to a level of 50 per cent of the pre- 
injection value, maximum at 40 minutes (Fig. 6). The same amount of insulin 
given to two unanesthetized, unoperated animals produced only a_ slightly 
greater and more sustained hypoglycemia. This indieates that a response to 
insulin ean be demonstrated under the conditions of the surgical technique em- 
ploved, despite the complicating factors mentioned above. 


NO OPERATION 
OR ANESTHESIA 
(2 0068) 
104 
> 
or 
--~ 
PANCREATIC 
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8 OISSECTION 
z (2 0068) 
ala 
fic 


60 
MINUTES FROM INJECTION 
Fig. 6.—Mean fall in blood glucose fron, intravenous injection of crystalline insulin in 


a dosage of 0.2 unit per kilogram of body weight. In 2 anesthetized animals, the pancre- 
atic artery had been isolated. Two other animals were not subjected to surgery. 


Following perfusion the control (nonsulfonylurea) animals exhibited only 
minor differences in cesponse depending on the site of injection utilized. Blood 
glucose returned to its preoperative level promptly in animals of the femoral 
vein and hepatie artery groups (Figs. 4 and 5), whereas it remained somewhat 
elevated in the pancreatic artery dogs (Fig. 3). It is possible that the arterial 
perfusion technique somehow reduced slightly the insulin output of the pan- 
creas, There was no correlation in the individual animals of any group be- 
tween the degree of preinjection rise and of postinjeetion fall in blood glucose, 

A definite drop in blood glucose from the preoperative levels failed to occur 
with injection of the control solution into the various blood vessels. Therefore, 
it may be said that the hypoglycemia in the experimental animals was a result 
of the sulfonylurea and that the manipulative procedure did not contribute to 
it. Comparison of the mean reduetion of blood sugar in sulfonamide-injected 
animals with the curves obtained on their own controls seems more valid than 
comparison of results of perfusion at the various sites, 

Pancreatic Artery.—Pilot experiments were performed initially to estab- 
lish the blood glucose response to injection of carbutamide into the pancreatic 
artery. Dosage ranged between 12 and 71 mg. per kilogram of body weight. 


*LTletin, manufactured by Eli Lilly & Company, Indianapolis, Ind. 
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Table Il shows that the maximum hypoglycemia produced by the drug (2 to 
3 hours after perfusion) varied roughly with the dosage and the resulting 
blood sulfonylurea level. The amount of carbutamide was progressively re- 
duced in order to obtain the minimum concentration which would still produce 
hypoglycemia, presumably by a local pancreatic effect. When a dosage of 7 mg. 
per kilogram of body weight was used, producing a venous blood sulfonylurea 
level (2 to 4 mg. per cent) too low for therapeutic effect, a fall in blood glucose 
occurred. If the same amount of carbutamide was injected into the femoral 
vein instead of the pancreatie artery, no such hypoglyeemia was noted.” With 
the exception of the portal vein perfusions, all subsequent experiments utilized 
the same small dose (7 mg. per kilogram) of tolbutamide. 

Fig. 3 illustrates the mean curves of change in venous blood glucose fol- 
lowing perfusion of the pancreatic artery with tolbutamide or an identieal solu- 
tion lacking tolbutamide. Raw data for the individual experiments are given 
in Table II]. Mean blood sugar dropped approximately 30 per cent from the 
preoperative value in the 6 experimental animals. The effeet is somewhat greater 
if the control (nonsulfonylurea) curve is used for a base line of reference. 
Hypoglycemia failed to occur in the 4 control dogs. Both groups showed a 
rise in blood glucose with the stress of surgery and anesthesia. Although 
slightly greater in the control animals, this was generally comparable in the two 
groups. 

Femoral Vein.—For the purpose of comparison with the results of pan- 
creatic perfusion, 10 animals were subjected to sham operation on the arterial 
circulation of the panereas and then tolbutamide or a control solution was in- 
jected into a femoral vein. Results of these studies are given individually in 
Table II], and mean curves are shown graphically in Fig. 4. Maximum drop 
in blood glucose was somewhat greater in the experimental dogs (15 per cent) 
than in the control group (4 per cent). However, the difference between the 
two curves is only half that between the experimental and control curves follow- 
ing panereatie perfusion (Fig. 3). Making use of the control data, analyses 
showed a significant difference between the responses for the femoral vein and 
pancreatic artery groups.* 

Hepatic Artery.—The same dose (7 mg. per kilogram of body weight) of 
tolbutamide (5 dogs) or a control solution (3 dogs) was perfused into the left 
hepatie artery. Ilypoglycemia of 20 per cent occurred in the sulfonylurea-in- 
jected animals (Fig. 5), approximately the same response seen in the femoral 
vein group. Control dogs in which the hepatie artery was perfused with a 
solution lacking sulfonylurea exhibited little or no hypoglycemia. The differ- 
ence between the control and experimental curves was much smaller than the 
response to injection of the pancreatic artery (Fig. 5). The changes following 
perfusion were found to be significantly different when the hepatic artery and 


pancreatic artery data were compared.* 


*Statistical analyses utilizing mean changes from the preoperative blood glucose levels 
demonstrated a significant difference between values for the pancreatic artery and femoral 
vein groups (p<0.01), also between values for the pancreatic artery and hepatic artery groups 
(p<0.01). There was no difference between values for the femoral vein and hepatic artery 
groups. 
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Il. ResUL’S OF 


PERFUSION OF CARBUTAMIDE INTO THE PANCREATIC ARTERY 


MAXIMUM FALL IN "MAXIMUM FREE VENOUS 


DOSE } BLOOD GLUCOSE BLOOD SULFONAMIDE 
(MG./KG. ) (PER CENT) | (MG, PER CENT) 
71 15.7 
57 36 
16 —45 6.7 
12 28 4.1 
‘ 


TABLE 


INpivipvAL BLoop GLUcose VALUES IN Dogs BEFORE AND AFTER PERFUSION OF 


EXPERIMENTAL SOLUTIONS 


BLOOD GLUCOSE (MG, PER CENT ) 


DOG | } MINUTES BEFORE OR AFTER BEGINNING OF PERFUSION 

| 
NO. PERFUSION SITE AGENT 90)—10) 10 | 20 | 40 | 60 | 90 | 120) 150| 180) 210| 240 
SX Panereaticartery Tolbutamide 88 91 92 89 92 SL 61 54 44 46 47 45 
Panereatic artery Tolbutamide 85 88 91 89 71 72 69 71 73 68 65 68 
107) Panereatic artery  ‘Tolbutamide 93 112 114 112 110 106 87 72 59 68 76 
115) Pancreatic artery  Tolbutamide 103 104 101 96 SS 83 73 71 78 69 
117) Pancreatic artery  Tolbutamide 8S 98 94 89 79 74 76 70 72 69 66 69 
11s Pancreatic artery Tolbutamide 85 86 89 90 78 75 68 59 57 56 51 54 


Pancreatic artery Saline S2 96 90 96 97 96 98 100 93 100 80 
00 Pancreatic artery Saline 72 95 93 98 92 85 80 85 79 72 78 70 
120) Panereatie artery Sulfadiazine 82 Sl 78 SI 82 70 75 69 74 74 76 
Panerentic artery Sulfadiazine 78 S4 85 SS 83 S84 SO 84 84 74 84 


Femoral vein Tolbutamide 
105 Femoral vein ‘Volbutamide 


106 Femoral vein ‘Tolbutamide 


114 Femoral vein Tolbutamide 81 84 80 74 75 62 43 60 54 58 59 
116 Femoral vein Tolbutamide 71 83> 83 79 73 65 67 61 6S 69 69 68 
119 Femoral vein Tolbutamide 86 90 86 81 72 70 73 70 70 72 61 65 
120) Femoral vein Saline 738 02 97 102 91 80 78 73 72 @ 77 
130) Femoral vein Saline S4 104 103 101 100 96 S88 S88 SS 92 8D OO 
131 Femoral vein Saline 93 96 93 91 93 96 86 90 85 84 80 89 
132) Femoral vein Saline 90 


Hepatic artery Tolbutamide 92 110 110 101) 97 100) S82) 81 98 86 85 
109 Hepatic artery Tolbutamide 94 88 89 83 74 80 71 #70 72 67 #70 71 
110 Hepatic artery Tolbutamide 73°75 76 70 72 65 50 61 57 65 54 58 
Ize Hepatic artery Tolbutamide 72 85 84 82 79 63 58 60 54 45 58 45 
23 Hepatic artery Tolbutamide 92 92 90 86 72 75 75 71 #72 #7 74 80 


Hepatic artery 
Hepatic artery 
Hepatic artery Saline 


Portal Carbutamide 
91 Portal vein Carbutamide 
Portal vein Carbutamide 


S60 Portal vein Saline 2 

183) Portal vein Saline 85 85 85 85 86 83 85 80 80 78 71 72 
136) Portal vein Saline 78 96 88 88 79 93 78 74 TS 69 78 56 
3 Portal vein Saline 


Pancreatic artery Tolbutamide 85 98 102 99 96 87 65 67 69 77 82 66 
(duets ligated)  Tolbutamide 86 114 113 110 105 103 98 77 85 86 8O 
Pancreatic artery  Tolbutamide 83 91 85 94 S87 98 SIL 68 68 65 67 66 


) 
(duets ligated)  Tolbutamide 92 139 138 127 128 142 123 113 96 96 94 85 


ast 4 
ihe 
ay. 
03 85 88 86 86 81 86 
76 91 93 94 S7 94 85 SS 86 86 S81 86 
83 76 72 68 67 57 61 65 
04 96 98 93 86 93 82 838 80 79 88 
| 100 106 111 111 114 105 99 100) 86 90) OY 106 
I: 71 77 #78 7 76 78 73 78 74 76 77 77 
78 125 130 133 117 139 148 136 124 116 117 107 f 
| 73.130 124 116 127 124 121 93 77 64 56 58 3 
96 118 144 138 134 134 128 110 102 98 94 98 
126 
127 
128 
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Comparison of Responses.—In order to take into account the hyperglycemia 
from anesthesia, the experimental curves have been redrawn in Fig. 7, using 
the preanesthetie blood glucose as the basal reference point. It is noted that 
subjecting the pancreas to the sulfonylurea solution caused a definite hypogly- 
cemia, whereas the other techniques produced little or no reduction in blood 
sugar below the preanesthetie level. Thus, no matter whether the response to 
perfusion of the experimental agents is compared to the blood glucose taken 
before or after anesthesia (which did cause a rise in glucose concentration 
averaging 15 per cent), the differences between the results of injection at the 
various sites are maintained.* 
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Fig. 7.—Mean change in blood glucose calculated from the preanesthetic (instead of the pre- 
operative) value for the 3 major sites of perfusion. 


Portal Vein.—Marked hyperglycemia, two or three times as great as that 
observed with other operative procedures, occurred when a tributary of the 
portal vein was cannulated (Fig. 8). Unfortunately, this effect was somewhat 
less in the control (saline) than in the experimental (sulfonylurea) animals, 
and accurate comparison is therefore impossible. However, injection of ear- 


butamide (7 mg. per kilogram of body weight) into the portal vein failed to 
produce hypoglycemia. 

Pancreatic Artery With Ligation of the Pancreatic Ducts.—The exeretory 
ducts of the pancreas were ligated in 4 animals. Six months later, the pan- 
creatie artery was perfused with tolbutamide (7 mg. per kilogram) by the 


usual method. Again, preoperative rise in blood glucose was excessive (Fig. 9), 


but hypoglycemia was obtained. lIlowever, since control data are not avail- 
able, no conelusions can be drawn, 


*See footnote on page 383. 
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Fig. &.—Mean curves of blood glucose after injection of carbutamide (3 dogs) or a 
control solution (4 dogs) into a vessel entering the portal vein. Dosage of sulfonylurea used 
(7 me. per kilogram of body weight) was the same as in Figs. 3, 4, and 5. 
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Fig. 9 Mean curves of blood glucose after injection of tolbutamide into the pancre- 

atic artery in animals with (4 dogs) or without (6 dogs) prior ligation of the pancreatic 

4 ducts Dosage of tolbutamide used (7 mg. per kilogram of body weight) was the same as in 
Figs. 3, 4, 5, and 6 
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Pancreatic Insulin Assay and Biopsies.—Results of analyses of insulin con- 
tent of frozen pancreas taken from some animals are given in Table IV. Since 
not all specimens were assayed, these data are incomplete. Definite differences 
between the various experimental groups were not obtained. Pancreatic biop- 
sies obtained from experimental and control animals injected with carbutamide 
failed to show alteration in morphology of alpha or beta cells. 


TABLE LV. MEAN INSULIN CONTENT OF PANCREAS FOLLOWING PERFUSION OF EXPERIMENTAL 


AND CONTRO! SOLUTIONS 


DOSE | PANCREATIC INSULIN 
NO. OF DOGS AGENT (MG./KG. OF B.W.) (“/GM, ) 


Pancreatic Artery 


2 Tolbutamide 7 1.2 
Tolbutamide 1.8 
2 Tolbutamide 1 2.6 
2 Carbutamide 7 2.7 
Saline 
Femoral Vein 
3 Tolbutamide 7 2.1 
2 Tolbutamide 3 2.0 
4 Carbutamide 7 2.2 
Portal Vein 
3 Carbutamide 7 1.4 


Saline 


DISCUSSION 


It was the intention of these experiments to determine the behavior of the 
venous blood glucose on exposure of certain organs to a low concentration of 
sulfonylurea. It was hoped that the site of action of these agents could thus be 
localized. First, moderate amounts (12 to 71 mg. per kilogram of body weight ) 


of carbutamide were injected into the panereatic artery. A minimal dosage 
(7 mg. per kilogram of body weight) was established whieh would produce 
peripheral hypoglycemia when introduced into the pancreas but not when intro- 
duced into the femoral vein. Then the same amount of tolbutamide was per- 
fused through the pancreas or liver by way of the appropriate blood vessels. 
Hypoglycemic response from perfusion of the pancreatic artery was signifieantly 
greater than that from perfusion of the femoral vein or hepatie artery. This 
difference was more pronounced if the degree of drop in blood glucose for each 
site of injection was judged from its own control curve (where a solution lacking 
sulfonylurea was employed). No hypoglyeemia was obtained from perfusion 
of these control solutions. The dissimilarity between the responses was borne 
out further when the alteration in blood glucose was calculated from the pre- 
anesthetic instead of from the postanesthetice level. 

The results show that maintaining a low coneentration of tolbutamide in 
the pancreatic cireulation for a period of 20 minutes influenced the organ in 
some way to lower the peripheral venous blood glucose. With the dosage em- 
ployed, an average of 6 mg. of tolbutamide was added to the panereatie cireula- 
tion each minute for 20 minutes. The rate of blood flow through the pancreatic 
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artery in the experiments is unknown. If this were postulated to be 10 ml. per 
minute, then a therapeutic concentration (10 mg. per cent) of sulfonylurea in 
the peripheral blood would supply the pancreas with approximately 1 mg. per 
minute. Although the sulfonylurea content of the pancreatic venous blood was 
not measured, it may be assumed that it was considerably greater than that of 
the peripheral cireulation. The maximum venous free sulfonamide level in ani- 
mals injected with earbutamide (7 mg. per kilogram) was only 3.0 mg. per 
cent (Table IL), well below the effective therapeutic level. Concentrations of 
tolbutamide in the pancreatic and peripheral blood were undoubtedly com- 
parable to those of carbutamide since the same dosage was administered. In- 
jecting the same amount of the agent into the femoral vein or hepatie artery 
failed to produce a similar effect on the blood glucose. 

Curves obtained from perfusion of the arterial circulation to the duet- 
ligated pancreas were inconclusive. Destruction of the acinar tissue did not 
seem to influence the usual hypoglycemic response to tolbutamide injection. The 
opportunity to subject similarly prepared animals to perfusion of solution with- 
out sulfonylurea was lacking. Evidence that the acini are involved in the 
pancreatic action of the sulfonylureas has never been presented. It is felt that 
the suboptimal nutritional state of the dogs, manifested by an increased hyper- 
ylycemie response to stress, may have impaired the usual functional response of 
the pancreas, 

Results Gbiaiind from estimation of pancreatic insulin content failed to 
establish any consistent differences between the values for the various sites of 
perfusion (Table IV). However, it is interesting and suggestive that the mean 
values following pancreatic injection bore a rough relation to the amount of 
tolbutamide used. Larger doses of the drug seemed to cause a greater fall in 
insulin concentration. These data, although incomplete, are compatible with 
the idea that the sulfonylurea compounds lower the blood glucose by stimulat- 
ing a release of insulin from the pancreas. 

The technique of arterial perfusion deseribed proved valuable in investigat- 
ing panereatic islet function. Test materials other than the sulfonylureas might 
be injeeted in a similar manner to assess their influence on the islet cells. 

Liver Perfusion.—A marked hyperglycemia was obtained prior to perfusion 
with carbutamide of the portal circulation via one of its tributaries. There 
was no sign of a peripheral hypoglycemia from exposing the liver to the ear- 
butamide. Moreover, perfusion of tolbutamide (7 mg. per kilogram) into the 
left hepatie artery caused little or no fall in blood glucose from the preopera- 
tive level (Fig. 5). These results constitute strong evidence against an hepatic 
action as the primary reason for the peripheral hypoglycemia caused by the 
sulfonylureas. They also indicate that the drugs do not act on the liver to 
cause hypoglycemia after leaving the pancreas. The liver may have a role in 
the blood glucose alteration from these agents, but this function is probably 
secondary to insulin release by the panereas. 
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REVIEW OF THE LITERATURE 


A critical evaluation of the evidence in the literature regarding clinical and 
animal experiments with the sulfonylureas bears out the hypothesis of a pan- 


creatie site of action. The presence of endogenous insulin is necessary for the 
hypoglycemic effect. Influences on other organs, notably the liver and thyroid 
gland, are also seen, particularly after high doses. llepatie effects are compli- 
cated and may be dependent on pancreatie funetion. No organ except the pan- 
creas is essential for the hypoglycemic response. The agents have no influence 
on blood glucose in the eviseerated animal.'’ It is our intention to examine 
briefly the important data which support these general statements. Table V 
summarizes salient findings by workers interested in this problem. 

Adrenal.—Neither the adrenal cortex nor the adrenal medulla needs to 
be available for the sulfonylureas to be effeetive.'"' Total adrenalectomy po- 
tentiated the fall in blood glucose following the administration of the com- 
pounds; this was not true after isolated remo.al of either cortex or medulla. 
Steroid exeretion in the urine was not altered by earbutamide or tolbutamide 
therapy in human beings.'*' 

Pitwitary.— Following hypophysectomy, there was a normal response to 
sulfonylurea administration.'' 

Thyroid.— Although depression of thyroid activity as measured by the ra- 
dioactive iodine uptake and blood protein-bound iodine level has been de- 
seribed after large doses,'> ordinary therapeutic amounts had no such effect.” 

Liver.—Presence of the liver is not essential to obtain a blood glucose re- 
sponse from the sulfonylureas.*" Glucose output from the liver is reduced,?!*" 
but attempts to link this phenomenon with inhibition of specifie enzyme systems 
have been fruitless. The glycolytic enzymes phosphorylase and glucose-6-phos- 
phatase have been studied extensively, and the consensus is that neither is sig- 
nificantly affeeted with the doses commonly used?" Glueagon and epinephrine 
hyperglycemia, presumably mediated through the phosphorylase system, is not 
altered by the sulfonylureas..* * Changes in liver glyeogen are variable de- 
pending on the experimental procedure and dosage used.” “°° Mirsky’s early 
observations that “insulinase” is inhibited®! have been contradicted by others 
employing smaller amounts of the drugs.“ rate of degradation of in- 
sulin tagged with I'' is not altered? Although the sulfonamides may antag- 
onize certain inhibitors of insulin, there is no proof that this is related to their 
hypoglycemic effect. 

The major action of the sulfonyvlureas on the liver appears to be the de 
pression of glucose output. Whether this is primary or secondary to insulin 
stimulation has not been determined. High concentrations of the drugs may 
produce nonspecifie enzyme inhibitory effeets, some of which may be responsible 
for reducing hepatie glucose manufacture. None of these has been demonstrated 
to prevail at reasonable dosages or to account for the fall in peripheral blood 
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Insulin elaborated through the pancreatic vein into the portal system could 
well aecount for the decrease in hepatie glucose output following administration 
of sulfonylurea. The degree of participation of the liver in the hypoglycemic 
response to insulin is not well understood.” Frawley and associates* feel that 
the sulfonylurea compounds may potentiate the action of insulin on the liver. 
Massive doses of carbutamide and tolbutamide have a toxie action on the 


liver which is exaggerated by removal of the panereas. Fatty liver, hepatic 


TABLE V. CRITICAL EVipeENCE REGARDING SITE OF ACTION OF THE SULFONYLUREAS 


VREPARKATION 


FINDING | REFERENCES 
Adrenals 
Man No influence on urinary steroid exeretion or blood 14, 15, 16 
electrolytes 
Rat Increased hypoglycemic effect after adrenalectomy 11, 12, 13 
Pituitary 
Dog, ent Usual hypoglycemic response after hypophyseetomy 11, 12, 17 
Thyroid 
Man No change in RAI uptake, PBI, or BMR with usual 18, 19 
doses 


Liver 


Dog, man 
Dog 

Rabbit 

Doy, rat 
Rabbit liver 


Rat liver 


Rat 
Man, rabbit 
Rabbit, man 


Dog, ent 
Man 

Man 

Dow 

Rat 

Rabbit, rat 
Dog 


Rat 


Dow 


Man 
Man, dog 


Man 
Rabbit, rat 
Man 
Rat 
Man 
Man 
Dog, rabbit 


Rat 


Man 


Decrease in glucose output 

Normal hypoglycemic response after hepatectomy 

Increase in liver glycogen 

Decrease in liver glycogen 

No reduction in glucose-6-phosphatase or phosphorylase 
in physiologic doses 

No inhibition of insulinase production 


Panercas—( Alpha Cell) 
No effect on alloxan diabetes 
No change in morphology 


No influence on glucagon hyperglycemia 


(Beta Cell) 

No effeet in depancreatized animals 

Effective in partially depancreatized patients 

Response varies with pancreatic insulin content 

Reduction in pancreatic insulin content 

Increase in islet volume and weight 

Degranulation of beta cells 

Hypoglycemic response in recipient animal cross 
circulation experiment 

Rise in plasma insulin 

Inerease in panereatic venous insulin 


Panercas 


Insulin Effects Positive 


Hypoglycemia 2, 27, 58 

Decrease in potassium and phosphorus of 47, 48 
hlood 

Increased arteriovenous glucose difference 48, 50 

Change in muscle and liver glycogen 30, 54 

Change in blood pyruvate 23 

Inerease in glucose oxidation 4 


Change in glucose tolerance curve 

Increase in respiratory quotient 

Inerease in intracellular transfer of glu 
cose or galactose 

Increase in glucose uptake by muscle and 
fut 

Correction of negative nitrogen balance 


21, 22, 23 
9, 12, 13 
24, 25, 26 


32, 33, 60 


Negative 


‘ 


56, 5 


14, 55 
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13, 17, 39 
28, 40 
24, 27, 28 
38 
41, 42 7 
9 
43 
61 
44 
45 
| = 46 
22 
9 
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49 
27 
3 52, 55 f 
49 
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necrosis, hypoprothrombinemia, and hemorrhage have been deseribed in depan- 
creatized dogs.** *7 This may be related to the nutritional deficiencies that oe- 
cur when there is loss of the digestive functions of the pancreas. 


Pancreas.—The sulfonylureas are ineffective in totally depancreatized ani- 
mals.""'? Hypoglycemic response to the compounds is normal in partially pan- 
createctomized man.** That the alpha cells of the islets or their function of 
elaborating glucagon are not involved is shown by the lack of effeet in alloxan 
diabetes,'" “’ the absence of any morphologie damage to the alpha cells after 
oral administration,** * and the failure of the sulfonamides to influence the 
hyperglycemic response to injected glucagon.*” 


Functioning beta cells must be available for a response to oecur. There is 
a high correlation between the amount of insulin extractable from the human 
pancreas and the oecurrence of a decline in blood glucose as a result of adminis- 
tration of the sulfonylureas."' Patients with juvenile diabetes, known to ex- 
hibit a low panereatic insulin content, are largely unresponsive except early in 


the course of their disease.“* Ashworth and Haist’s'’ observation that an in- 
crease in islet volume and weight occurs after sulfonylurea administration is 
consistent with the hypothesis of a stimulus to insulin seeretion. Experiments 
on cross circulation also support this concept.“* Degranulation of beta cells has 
been observed after prolonged treatment,*> but whether this represents insulin 
stimulation or functional rest is difficult to decide. Toxie doses cause a redue- 
tion in panereatic insulin content in the experimental animal, but therapeutic 
doses do not.” Von Holt and associates’? have demonstrated a rise in plasma 
insulin in acute experiments on rats. Goetz and Egdahl recently found that 
tolbutamide produced an inerease in insulin output into the pancreatie vein. 
To date, there is no convineing evidence that these compounds cause an “ex- 
haustion” of pancreatic islet cells by means of repeated stimulation of insulin 
release. 

Despite the evidence cited favoring an action of the sulfonylureas involving 
insulin synthesis or release, the usual metabolic effeets of injected insulin are 
strangely lacking. That the normal patient develops a striking hypoglycemia 
and the diabetie a lesser response is agreed. Two well-controlled studies show a 
decrease in blood potassium and phosphorus similar to that following insulin.'® * 
The depression of phosphorus after insulin injection implies entry of glu- 
cose in the cell; yet, Wick and co-workers’ were unable to show in eviscerated 
animals that the sulfonvlureas cause an increased intracellular transfer of glu- 
cose. There are, also, other contradictory data. Goetz and associates’ and 
Madison and Unger*’ found that the sulfonylureas cause an inereased arterio- 
venous glucose difference, again implying cellular entry of glucose. Purnell and 
co-workers,*? with equally well-controlled experiments, were unable to demon- 
strate such an effect. Musele and liver glycogen data are particularly confus- 
ing, with results reported which are diametrically opposed.* % 
Undoubtedly variations in technique play a large role in the glycogen evidence. 
Dulin and Johnston®’ found that they could produce hypoglycemia by means of 
small intravenous doses of insulin without alteration in liver glycogen, an effect 
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comparable to that of tolbutamide. Tolbutamide was found to lower blood 
ketones and plasma unesterified fatty acids in diabetie patients.*?  Tlowever, 
evidence regarding fat metabolism is largely inadequate. Hennes and asso- 
ciates’’ deseribed a fall in blood pyruvate immediately following tolbutamide 
administration, in contrast to the early rise after insulin. Using insulin doses 
calculated to produce the same hypoglycemic effect as the sulfonylureas, Miller 
and his co-workers*’ were unable to demonstrate any difference in pyruvate re- 
sponse. If the agents stimulate insulin release, one might expect an increased 
oxidation of glucose by the peripheral tissues. Miller and associates’ were 
able to show this by earbon labeling, but Wick and associates’ were unable to do 
so. Insulin effects which could not be demonstrated employing the sulfonylureas 
include correetion of negative nitrogen balanee,'' increase of respiratory quo- 
tient,’ improvement in glucose tolerance? and inereased glucose uptake by 
musele? and adipose tissue.’ Certainly, the compounds are not truly 
antidiabetic since they fail to correct the metabolic abnormalities resulting from 
insulin deficieney. Indeed, this facet mitigates against our hypothesis that they 
cause hypoglycemia by releasing pancreatic insulin, 

The data presented in this article, as well as the evidence cited, favor a 
primary influence of the sulfonylurea compounds on the panereas. Introducing 
a very small amount of tolbutamide (average, 6 mg. per minute for 20 minutes) 
into the panereas provoked a hypoglycemic effect, whereas injection of the same 
dose into the liver or a peripheral vein did not. Urgoiti in Houssay’s labora- 
tory injeeted larger dosages of tolbutamide into the panereatie artery by a 
different technique and was unable to demonstrate definitely a stimulating ef- 
feet.” TLlowever, a greater drop in blood glucose was found with pancreatic 
artery injection than with saphenous or portal vein injection (not statistically 
significant). Loubatiéres’’ produced hypoglycemia by injection of the isopro- 
pylthiodiazole derivative of sulfanilamide (40 mg. per kilogram of body weight ) 
into the pancreatic artery or panereatie duet. 

It is our view that tolbutamide or carbutamide in the panereatie arterial 
blood cause insulin to be released in a slow, sustained fashion from the beta cells 
of the islets into the pancreatic vein so that there is a reduction in hepatie and 
therefore peripheral venous blood glucose. Some of the contradictions in the 
experiments mentioned might be explained by the timing, dosages, and species 
differences involved. It may be impossible to demonstrate the peripheral effects 
of insulin on tissue or musele by present techniques if small amounts are re- 
leased slowly by the panereas. 


SUMMARY 
Site of action of the sulfonylureas was investigated by injecting solutions 
of the compounds into the blood vessels supplying the pancreas and liver. Per- 
fusion of the pancreas via its arterial circulation with a small amount of tol 
butamide in the anesthetized dog caused moderate hypoglycemia. Little or no 
such effect was obtained when the femoral vein or hepatie artery was per- 
fused with the same amount (7 mg. per kilogram of body weight) of the drug. 


Mean response of the panereatic artery group was significantly different from 
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those of the femoral vein or hepatie artery groups. The primary importance 


of the liver in the response was further refuted by a lack of hypoglycemia 


following injection of earbutamide into the portal vein. Although ligation of 
the pancreatie ducts failed to prevent the hypoglycemie response to sulfonyl- 
urea introduced into the panereatie circulation, no conclusions may be drawn 
regarding an acinar role beeause of absence of control information. There was 
no alteration in morphology of alpha or beta cells following perfusion of the 
ain pancreatic artery with carbutamide. 

The important literature bearing on the question of the mechanism of ac- 
tion of these compounds is reviewed, and the nature of their influence on the 
pancreas is discussed. The data support the idea that the sulfonylurea com- 
pounds cause a decrease in blood glucose by virtue of their effeet on the pan- 
creatie islets. These experiments tend to establish the usefulness of the teeh- 
nique of pancreatic perfusion for estimating the effeet of various substances on 
islet function. 


We wish to thank Dr. W. James Kuhl for his aid in the estimation of blood glucose 
and sulfonamide, Professor W. Stanley Hartroft) for preparing and reviewing the his 
tologie material, and Dr, C. A. Kuether for his assay of pancreatic insulin. Dr. Allen 
Lein kindly subjected the data to statistical analvsis. Mrs. Hulda Rutkowski and Mrs 


Mary Baker offered technical assistance, 
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THE EFFECT OF PREDNISONE AND AMPHENONE ON FLUID AND 
ELECTROLYTE BALANCE AND ON ALDOSTERONE EXCRETION 
OF PATIENTS WITH CIRRHOSIS AND ASCITES 
James M. Srormont, M.D., JEAN CRABBE, M.D.,* BERNHARD Fast, M.D.,** 

STANLEY J. Woure, M.D.,.*** anp CHARLES S. Davipson, M.D. 
Boston, Mass. 


Ii accumulation of ascites and edema by patients with chronic liver disease 
is associated with a low sodium content of urine, sweat, and feces,’-* and 


adrenal hormones have been held responsible in part for this phenomenon. 
Recent observations have given added support to this hypothesis. Aldoster- 
one, a potent salt-retaining hormone isolated from adrenal venous blood,’ 
is exereted in excessive amounts by patients with cirrhosis and ascites.°* 
Moreover, bilateral adrenalectomy has been performed for treatment of 
rapidly accumulating ascites in human beings with cirrhosis,” '’ although this 
seems a formidable procedure when rigid sodium restriction alone will halt 
further ascites formation,’ * 

Amphenonet'*' inhibits adrenal cortical steroid secretion in animals and 
man.’ '* The clinical usefulness of this compound is hampered by its toxie 
effects skin rash, drowsiness, gastrointestinal symptoms, methemo- 
globinemia, and impaired liver function tests). However, Renold and asso- 
ciates'’ have found only mild toxie manifestations in man when Amphenone 
was given for only a short time. 


To help elucidate the role of adrenal cortical steroids in the pathogenesis 
of sodium retention as observed in cirrhosis with ascites, Amphenone was 
given to inhibit steroid production. The untoward side effects of this drug 
and the potential hazard of adrenal insufficiency necessitated the coadminis- 
tration of prednisone which provided the opportunity to evaluate its diuretic 
properties. Thus, prednisone and Amphenone were administered to a selecte ! 
group of patients resistant to standard diuretie therapy. The effect of these 
drugs on fluid balanee and on urine sodium and aldosterone exeretion was 
studied. 
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MATERIALS AND METHODS 


Ten patients with documented cirrhosis complicated by ascites and edema were se- 
lected for study. The group comprised of 7 men and 3 women, aged 40 to 67 years, who 
were resistant to diuretic therapy with salt restriction and mercurials. Diagnosis was 
established by history, physical examination, and laboratory studies in each case, In 7 
instances, confirmatory histologic evidence was also available. Nine patients gave a 
history of chronic alcoholism and poor diet for from 6 to 40 years, and the remaining 
patient (Case 7) had cirrhosis of undetermined etiology confirmed by liver biopsy. <A 


history of previous jaundice, which seemed related to acute hepatic decompensation of 
the alcoholic, was elicited in 2 patients. Ascites had been present continuously for from 
2 to 18 months prior to study, although 7 patients had had persistent ascites of only 3 
months’ duration or less, Three patients had previously had paracenteses and 3 gave a 
history of intermittent ascites over a 1- to 6-year period. All patients showed evidence 
of poor nutrition; severe wasting was present in 6, while 2 were obese. Ascites was severe 
in all cases, Case 10 showed signs of mild cardiorespiratory insufficiency which was 
relieved as ascites improved. Accurate estimation of liver and spleen size was prevented 
by ascites. X-ray examination of the esophagus did not reveal varices in any patient; 
however, 7 had enlarged abdominal collateral veins and 4 had hemorrhoids. A_ history 
of recent impending hepatic coma was present in 3 cases (Cases 4, 8, and 10), and Case 1 
had arteriosclerotic heart disease with atrial fibrillation, which was well stabilized with 
maintenance digitalis throughout the study. 

All patients were ambulatory on the Thorndike metabolic ward and were maintained 
on a constant diet supplying 10 mEq. or less of sodium, approximately 100 mEq. of potas 
sium, 50 to 80 Gm. of protein, and at least 2,200 calories daily as caleulated from standard 
tables.20) Direct analysis of a daily diet was performed on 2 occasions revealing 4.6 and 
4.9 mEy. of sodium, 109 and 100 mEq, of potassium, and 9.5 and 11.3 Gm, of nitrogen 
for Cases 9 and 10, respectively. Fluids were allowed ad libitum, except for Cases 5 
and 6 who were restricted to 1,600 ml, and 2,000 ml. per day, respectively. The studies 
were made during cool weather in all but 3 patients (Cases 1, 2, and 3), minimizing vari 
ations in skin losses of sodium and water. Fecal and sweat losses of sodium were as 
sumeec to be 8 to 10 mEq. per day!! and the remaining insensible fluid loss to be S00 to 
1,000 ml. per day. No patient experienced diarrhea or vomiting during the study. 

The patients were weighed at the same time each day. Daily fluid intake was re 
corded, Total 24-hour urine output was measured and daily aliquots taken for deter 
mination of sodium, potassium, chloride, and nitrogen. In seleeted cases samples were 
saved for aldosterone determination, and a sample was frozen for osmolality measure 
ments. Blood specimens were obtained from an antecubital or femoral vein without stasis. 
Determinations of hematocrit, serum potassium, sodium, chloride, albumin, nonprotein 
nitrogen, and bilirubin were made before each change in therapy and at other indicated 
times. Daily clinical evaluations were made and recorded, 

Methods used in this laboratory for the above determinations have been previously 
recorded,?!, 22 with the exception of serum albumin, which was measured by the method 
of Rutstein and associates.2% Total solute concentration in urine and serum was measured 
by freezing-point depression using a Fiske osmometer, and results are recorded as osmolal 
concentrations, 

Urinary aldosterone excretion was measured by a modifieation?4 of the Neher and 
Wettstein method.25 Uneonjugated aldosterone is known to be easily destroyed when ex 
posed to strongly acid conditions.26 Thus, in view of the possibility that impaired liver 
funetion might result in defective conjugation of aldosterone, all but 3 urine specimens 
were extracted twice: (1) within one hour after acidification to pH 1 (this fraction is 


designated “free” aldosterone), and (2) again 48 hours later (this fraction is designated 


“conjugated” aldosterone), The combined extraction, performed on 6 urines of patients 
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MEAN | | MEAN 
| WEIGHT MEAN 24 HR. URINE 24 HR. 
| PERIOD | CHANGE | POTAS- | CHLO- | NITRO- | FLUID 

WEIGHT AND or or PER DAY | SODIUM | SIUM RIDE | GEN INTAKE 
DATE STUDY |STUDY" (KG.) (ME@.) (GM.) | (ML.) 

63, M j 0.1 2 

Ky. 0.06 5 

8 18/56 13 


49 


PATIENT, AGK, SEX, DAY 


13-15 I\ 0.46 116 101 1,830 
16.17 V 2 30 35 1,180 — 
2. M 1-6 I 0.26 5 28 24 896 
105 Kg. 7 0.33 1 50 7 1,326 
13-16 IV 0.30 1 7s 19 2 402 
17-18 0.55 44 101 1,670 
26-32 IIa -02 6s 24 1,981 = \ 
M 1-6 I l 30 6 830 2,116 
Kg 7 A 32 4 390 2,135 
56 Il 7 77 16 1.360 1,758 
11-14 Ill 0.25 23 57 991 200) 
15-18 IV O5 12 48 34 681 1880) 
19-25 +029 10 36 587 1.670 
26-30 Ila 0.18 | 23 3 765 1877 
31-35 Va 0.1 36 2 617 1.851 
4 F 1-7 I 20.01 Is 3 418 1444 
Kg 8-15 ll -0.13 24 5 6.1 590 1.686 
16-21 Vv 0.12 4 30 4.8 962 1,949 
23-35 VI “0.17 30 2 5.0 735 1.615 
48, M 1-7 I 0.05 20 4 3.4 516 1648 
Ne 8-16 il O41 83 +8 971 150 
a F 13 I 12 63 16 . 1.445 1.985 
if 
1 17 5 5 5.1 134 2.813 
aS Ag 5 Is 2.196 
I 35 ¥ 14% 24455 
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without cirrhosis, revealed a mean ratio for “free” to total (“free” plus “conjugated” ) 
of 20 per cent ranging from 1 to 40 per cent (Table IIL). To cheek for purity of measured 
aldosterone, several aliquots of the samples containing aldosterone at the end of the pro- 
cedure? were chromatographed on the “E,B” system of Eberlein and Bongiovanni.27 
From this it appeared that most of the samples examined did not contain any of the con- 
taminants found by Nowaezynski and associates?’ (labeled p in Table IIT). The small 
amounts of contaminating material found in the few remaining cases (labeled ¢ in Table 
IIT) did not interfere with the final quantitative reaction used for aldosterone, as they 
did not immediately reduce blue tetrazolium. 

Prednisone was given before, during, and after Amphenone, All patients received 
30 mg. per day, with the exception of Cases 1 and 2 who received 50 mg. per day. Seven 
patients received Amphenone while 3 others received prednisone alone. The average daily 
dose of Amphenone was as follows: Case 8, 3.1 Gm.; Case 9, 3.6 Gm.; Case 3, 4.5 Gm,; 
Case 2,5 Gm.; Case 1, 5.6 Gm.; Case 10, 5.6 Gm.; and Case 7, 6.0 Gm. 

The study was divided into 5 periods: Period I, control (no medication except 
mercurials), 5 to 10 days; Period II, prednisone, 3 to 12 days; Period III, prednisone and 
Amphenone, 3 to 7 days; Period IV, final prednisone, 3 to 7 days; and Period V, final con- 
trol (no medication except mereurials), 2 to 7 days, Mereaptomerin sodium was given 
once or twice to all patients except Case 9 during Period I and again during Period V. 
Case 8 left the hospital against advice while receiving prednisone without a final con- 
trol period. Four patients received a second course of prednisone at a later date, Some 
of the data on Cases 1, 2, 3, 7, 8, and 10 are included in previous reports from this lab 
oratory,22, 29 

RESULTS 

Metabolic Balance Studies.—Daily results have been averaged for each 
period and are shown in Table 1. The balances are approximate, as stool and 
insensible losses were not measured, (See Materials and Methods.) 

A. Period I, control (no medication except mercurial diuretics): Only 
slight changes in weight, sodium, potassium, or water balance were found 
during this period. Weight loss was small and considered insignificant. The 
greatest weight loss, an average of 0.22 Kg. per day in Case 2, resulted from a 
2 Kg. loss in response to mercurial injection, Small weight gains were noted 
in 3} patients. Mean daily urine sodium was 3.9 mEq. per day, and excluding 
mercurial responses was 1.9 mEq. per day. Average urine volumes were less 
than 1,000 ml. per day for 7 of 10 patients, and between 1,000 and 1,500 mi. 
for the remaining 5. 

B. Period II, prednisone: During this period a weight loss greater than 
0.25 Kg. per day occurred in 5 of 10 patients (Cases 2,5, 5, 6, and 9), varying 
from | Kg. in 5 days (Case 2) to 7.1 Kg. in 11 days (Case 9). All patients 
showed an inerease in average urine volume of 350 ml. per day or more (Fig. 
1). A decrease of estimated water balance greater than 350 ml. per day oe- 
curred in 6 of 8 patients (Cases 5,5, 6,8, 9, and 10), 

Fluid intake data were incomplete for Cases 1 and 2. A moderate in- 
crease of fluid intake occurred only in Cases 4 and 7 (Table 1), although only 
Cases 5 and 6 were restricted in fluid intake. Urine volume bore no relation 
to urine sodium concentration, except that the 2 patients with volume 
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TABLE I. METABOLIC BALANCE STUDIES IN 10 PATIENTS WITH CIRRHOSIS AND ASCITES 


| | MEAN ; : MEAN 

WEIGHT | __ MEAN 24 HR. URINE 

PATIENT, AGE, SEX, | DAY | PERIOD CHANGE | POTAS- | CHLO- | NITRO- FLUID 
WEIGHT AND OF OF PER DAY | SODIUM SIUM | RIDE GEN VOLUME] INTAKE 
DATE | sre DY srupy *t| (KG.) | Eq.) | (GM.) | (ML.) (ML. ) 

1. 62, M 1-6 I —O.1 2 58 28 pate 1,173 nates 
79.6 Ky. 7-9 Il 0.06 5 74 24 a 1,536 bas 
8/18/56 10-12 lil 13 58 5} 944 
13-15 0.46 40 116 101 1,830 

16-17 V +0.3 2 30 35 oe 1,180 — 

2. 40, M 1-6 I 5 28 S896 
105 Kg. 7-9 If —0.33 50 7 = 1,326 
8/11/56 10-12 0.338 1 14 ani 2,298 
13-16 IV O50 78 2,402 

17-18 V 0.55 44 101 1,670 

26-32 Ila 0.2 1 68 24 1,981 

3. 67, M 1-6 I +0,.28 1 30 6 we 830 2,116 
72 Kg. 7 A 0.5 1 32 2 a 390 2,135 
9/6/56 8-10 I! Oo 7 77 16 haa 1.360 1,758 
11-14 0.25 25 S4 57 991 2,000 

15-18 IV 5 12 48 34 i 681 1,880 

19-25 +0.29 10 36 587 1,670 

26-30 Ila 0.18 1 23 { ae 765 1,877 

31-35 Va 0.1 l 36 2 _ 617 1,851 

4. 42, F 1-7 I +0.01 1 18 3 ‘ 418 1,444 
17 Ky. 8-15 II 1 24 5 6.1 899 1,686 
10/11/56 16-21 Vv —0.12 55 54 30 4.58 962 1,949 
22-25 Vb +017 1 30 2 5.0 735 1,615 

5. 46, M 1-7 I O05 1 20 4 3.4 516 1,648 
62 Kg. 8-16 II 0.41 33 35 33 4.8 971 1,596 
10/31/56 17-22 V H.29 45 36 38 3.1 S40 1,600 

6. 42, F 1-5 I 0.00 12 63 16 3.8 1,445 1,985 
64 Ky. 6-17 I! 0.42 61 71 67 5.4 2,069 2,091 
1/14/57 18-26 V 0.23 44 57 52 - 2,141 2,000 

7. F I 2 39 10 4.6 1,115 2,214 
64 Ky. 8-17 II 02 l4 40 19 4.5 1,566 2,704 
1/26/57 18-20 Il ~0.17 35 41 50 5.1 1,540 2,813 
21-26 IV +0.05 18 44 47 7 1,512 2,650 

27-37 Ve +0.06 3 43 12 5.3 1,400 2,644 

38-42 V +0.16 1 38 38 é 966 2,640 

8 42, M 1-6 I +0.03 7 28 45 2,080 
63 Ky. 7-14 II 01 1 35 18 eee 1,384 2,105 
2/7/57 15-18 0.25 20 38 1,490 2,485 
19-20 IV 0.7 36 61 47 ven 1,030 1,870 

40, M 1-6 I 2 54 4.99 783 1,555 
SI Ky. 7-17 I] 0.64 6S 111 101 7.7 1,066 1,719 
3/1/57 18-23 67 114 7.0 2,001 2,001 
24-30 IV +0.05 4 6 26 8.9 1,346 1,825 

31-36 V +0.07 1 so 22 8.7 859 1,441 

10. 42, M 1-10 I +0,02 2 43 21 5.6 523 2,323 
92 Kg. 11-17 II 1.00 1 S4 6 7.7 947 2,212 
3/15/57 18-24 Il 0.75 105 92 oo 9.5 1,712 2,046 
25-31 IV 0.2 15 102 16 8.5 744 1,938 

22-34 V +05 1 92 2 7.5 530 2,218 
Note: The data recorded for each period represent the average of serial 24-hour determinations. 
*Period | control (mercurial diuretics were given) ; Period II prednisone administration ; 
Period Ul prednisone and Amphenone administration; Period IV prednisone administration ; 
Period V final control (mercurial diuretics were given); Period A Amphenone administration. 


See text for dosage. 


ta repeat study; b no mereurial diuretic given; c¢ — addition of mercurial diuretics 
every third day; in the other studies mercurials were given during Periods I and V only. 
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without cirrhosis, revealed a mean ratio for “free” to total (“free” plus “conjugated” ) 
of 20 per cent ranging from 1 to 40 per cent (Table IIL). To cheek for purity of measured 
aldosterone, several aliquots of the samples containing aldosterone at the end of the pro- 
cedure?4 were chromatographed on the “E,B” system of Eberlein and Bongiovanni.27 
From this it appeared that most of the samples examined did not contain any of the con- 
taminants found by Nowaezynski and associates?’ (labeled p in Table IIT). The small 
amounts of contaminating material found in the few remaining cases (labeled e¢ in Table 
IIT) did not interfere with the final quantitative reaction used for aldosterone, as they 
did not immediately reduce blue tetrazolium. 

Prednisone was given before, during, and after Amphenone, All patients received 
30 mg. per day, with the exception of Cases 1 and 2 who received 50 mg. per day. Seven 
patients received Amphenone while 3 others received prednisone alone. The average daily 
dose of Amphenone was as follows: Case 8, 3.1 Gm.; Case 9, 3.6 Gm.; Case 3, 4.5 Gm.; 
Case 2,5 Gm.; Case 1, 5.6 Gm.; Case 10, 5.6 Gm.; and Case 7, 6.0 Gm. 


5 periods: Period I, control (no medication except 
mereurials), 5 to 10 days; Period II, prednisone, 3 to 12 days; Period III, prednisone and 
Amphenone, 3 to 7 days; Period IV, final prednisone, 3 to 7 days; and Period V, final con- 
trol (no medication except mercurials), 2 to 7 days, 


The study was divided into 


Mercaptomerin sodium was given 
once or twice to all patients except Case 9 during Period IT and again during Period V. 
Case 8 left the hospital against advice while receiving prednisone without a final con- 
trol period. Four patients received a second course of prednisone at a later date, Some 


of the data on Cases 1, 2, 3, 7, 8, and 10 are ineluded in previous reports from this lab 
oratory,22, 29 
RESULTS 
Metabolic Balance Studies.—Daily results have been averaged for each 
period and are shown in Table lL. The balances are approximate, as stool and 
insensible losses were not measured, (See Materials and Methods.) 


A. Period I, control (no medication except mercurial diuretics): Only 


slight changes in weight, sodium, potassium, or water balance were found 
during this period. Weight loss was small and considered insignificant. The 
greatest weight loss, an average of 0.22 Kg. per day in Case 2, resulted from a 
2 Kg. loss in response to mereurial injection. Small weight gains were noted 
in 3 patients. Mean daily urine sodium was 3.9 mEq. per day, and excluding 
mercurial responses was 1.9 mEq. per day. Average urine volumes were less 
than 1,000 ml. per day for 7 of 10 patients, and between 1,000 and 1,500 ml. 
for the remaining 3. 


B. Period II, prednisone: During this period a weight loss greater than 
0.25 Kg. per day oceurred in 5 of 10 patients (Cases 2,5, 5, 6, and 9), varying 
from | Kg. in 3 days (Case 2) to 7.1 Kg. in 11 days (Case 9). All patients 
showed an inerease in average urine volume of 350 ml. per day or more (Fig. 
1). A decrease of estimated water balance greater than 350 ml. per day oe- 
curred in 6 of 8 patients (Cases 3,5, 6,8, 9, and 10). 

Fluid intake data were incomplete for Cases 1 and 2. A moderate in- 
crease of fluid intake occurred only in Cases 4 and 7 (Table 1), although only 
Cases 5 and 6 were restricted in fluid intake. Urine volume bore no relation 
to urine sodium concentration, except that the 2 patients with volume 
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increases of over GOO ml. per day (Cases 6 and 9) also excreted the greatest 
amount of sodium, 

A brisk sodium diuresis occurred in 3 of 10 patients (Case 5, 35 mEq. per 
day; Case 6, 61 mEq. per day; Case 9, 68 mEq. per day), and 3 others showed 


small but definite increases of sodium excretion (Case 1, 5 mEq. per day; 
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Fig. 1 Changes in urine volume and urine sodium excretion of 10 patients with cirrhosis and 
ascites during prednisone administration. 


Case 3, 7 mEq. per day; Case 7, 14 mEq. per day). The other 4 patients con- 
tinued to excrete less than one mEq. per day (Fig. 1). Case 2 was the only 
patient to lose weight without increasing urine sodium. Sodium and water 
diuresis began from | to 4 days after initiation of prednisone, with the maxi- 
mum effect between the fourth and tenth days. Patient 9 exhibited the most 
marked diuresis in response to prednisone (Fig. 3). It should be noted that 


Case 3, the first patient studied, received Amphenone alone on the day prior 


to the administration of prednisone, and during a later course of prednisone 
alone he failed to show a natriuresis, so that the effeet observed during Period 
Il may have been related to Amphenone administration. An increase in urine 
sodium can thus be attributed to prednisone in 5 of 10 patients, with a clini- 
cally significant loss in 3. 

Increases in potassium excretion greater than 25 mEq. per day occurred 
only in Cases 9 and 10. Correction of potassium excretion using the changes 
in urine nitrogen* showed that the inereased urine potassium in these 2 


*The figures for daily urine potassium excretion were corrected for prednisone-induced 
cellular catabolism in the following manner. The increase in urine nitrogen (in grams) duriag 
the prednisone period multiplied by 2.7 was assumed to be equal to potassium (expressed as 
milliequivalents) from cellular breakdown. 
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patients was more than could be accounted for by increased cellular catabolism. 


Average urine solute concentration rose in some instances and fell in others 
with no relation to urine volume (Table IT). 


PERIOD OF VOLUME SODIUM SOLUTES SODIUM SOLUTES 
PATIENT STUDY (ML./24 HR.) | (MEQ./24 HR.) | (MOSM./L.) | (MEQ./L.) | (MOSM./L. ) 

5 I 516 1 243 127 273 
II 970 33 326 138 284 

6 I 1,443 12 255 142 277 
II 2,069 61 239 140 290 

9 I 783 2 =e 135 288 
II 1,966 68 A 139 296 

7 I 1,115 2 245 135 284 
II 1,566 14 252 136 291 

8 I 988 7 ‘ae 132 274 
II 1,384 1 = 138 288 

10 I 523 2 492 131 285 
Il 947 1 480 134 294 


determinations, "while the serum date represent the last heterminanion during the period. 
(. Period IIT, Amphenone and prednisone: During Amphenone adminis- 
tration 4+ of 7 patients showed weight loss of from 0.17 to 0.75 Kg. per day 
and an inerease in urine sodium exeretion of from 18 to 104 mEq. per day. 
Case 2 continued to excrete less than 1 mEq. of sodium per day while losing 
weight, and Case 1 increased sodium excretion slightly (to 13 mEq. per day) 
while gaining weight. Although a marked natriuresis occurred in Case 9 
during prednisone administration, the urine sodium exeretion reached its 
maximum on the first day of Amphenone administration and then fell off 
in spite of continued therapy. By the end of the Amphenone period, he was 
clinically free of ascites (Fig. 3). Fluid balance became significantly more 
negative only in Case 10, who was the only patient to receive Amphenone in 
full 6 Gm. doses for more than 3 days. Average urine potassium excretion 
increased from 1 to 25 mEq. per day in all patients but Case 1. 

Period il was continued for at least § days for the majority of patients, 
permitting evaluation of the effect of prednisone administration. However, 
the possibility that the 3-day course of prednisone used in Cases 1, 2, and 3 
could have initiated a diuresis made evaluation of a subsequent Amphenone 
effect difficult, as a diuresis began on the third or fourth day of prednisone 
administration in some patients. To define the extent of the prednisone ef- 
fect, these 3 patients were each given a second course of prednisone alone 
4 weeks to 6 months later. After 5 to 8 days of prednisone, Case 3 (in 2 
separate trials) showed no response in sodium or fluid balanee, while Case 2 
(in one trial) again showed an increase in urine volume and weight loss with- 
out an increase in sodium exeretion. Case 1 showed a decrease in ascites and 
weight loss; however, urine collections were incomplete. 

Thus, an unequivocal natriuresis in response to Amphenone occurred in 
4 of 7 patients (Cases 3, 7, 8, and 10). Interpretation of the response in 2 


a TABLE II. MEAN URINE AND SERUM SOLUTES FOLLOWING PREDNISONE ADMINISTRATION 


IIL. Urine ALDOSTERONE EXCRETION 


URINE ALDOSTERONE” ( pG/24 HR. ) PER CENT | OF 
PATIENT | PERIOD DAY FREE | CONJUGATED TOTAL FREE PERIOD 
A. Patients With Cirrhosis 
9 I Mean 


15 


16 4.5 12 16 
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TABLE 


DIAGNOSIS AND NUMBER URINE ALDOSTERONE (pG/24 HR.) 
OF PATIENTS FREE CONJUGATED TOTAL 
B. Patients Without Lives 
Edema of unknown origin 
(1) 5.5 


PER CENT FREE 


Disease 


Congestive cardiac failure 
(1) 


Pregnancy (1) 
Unelassified edema (1) 
Normal men after 1 week 


of sodium restriction 
(pool) 


*atients with Addison’s 
disease given intravenous 
aldosterone (pool) 2t St 10t 20 


Note: all figures represent determinations performed on 24-hour urine samples except for 
Subject 10 (Periods I to V), Subject 9 (Period 1), and 2 pools of patients without liver dis- 
ease Where the determinations were performed on pooled daily aliquots 

*Key to symbols: c sample found to be contaminated after additional chromatography 
on “E2B" paper system; p sample found to be pure after additional chromatography on 
“E2B"” paper system; + figures not used in calculating mean values since Amphenone dosage 
Was reduced to 1.5 Gm. per day during Days 21 to 23 

*Data expressed as micrograms of aldosterone per liter 


(Cases | and 9) was complicated by a concomitant prednisone effeet, and no 
natriuresis occurred in another (Case 2). Only one patient (Case 10) de- 
veloped a clinically significant loss of ascites during Amphenone administra- 
tion. 


D. Period IV, final prednisone: During this period, daily urine volume 
and electrolyte exeretion tended to return to Period | values; however, pa- 
tients who exhibited a marked sodium diuresis in Period Hl continued to lose 
sodium and water until ascites was no longer evident. 

Frequently, the most striking natriuresis due to Amphenone oecurred 4 
to 5 days after the first dose, which was after the drug had been discontinued 
in most cases. In Case 10 the maximum response was observed on the fifth 
day while he was still receiving 6 Gm. of Amphenone daily (Fig. 2), indi- 
cating that the delayed natriuresis observed in the other patients was prob- 
ably not due to abrupt discontinuance of Amphenone. 


E. Period V, final control: Daily balance studies approximated those of 
Period | except that mereaptomerin induced a greater inerease in water and 
electrolyte excretion than during Period 1. 


Aldosterone Excretion.—Aldosterone exeretion was above normal during 
the control period in all 4 patients studied; however, most of these values did 
not exceed those found in normal subjects on a sodium-restricted diet (Table 

Prednisone caused no consistent change in total aldosterone exeretion 
nor in the ratio of “free” to “conjugated” fractions. In Case 2 there was a 
fall in aldosterone excretion over a 3-day period while on prednisone (Fig. 
5); however, this was not accompanied by an increase in urinary sodium. The 
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Number 

massive sodium diuresis exhibited by Case 9 in response to prednisone ad- 
ministration was not accompanied by a change in aldosterone excretion (Fig. 
3). Thus, the natriuresis induced by prednisone in this case could not be 
related to a fall in aldosterone excretion. 


Potassium intoke- /00 mEq /day 
« - 10 ” 


Gm. /day 
AMPHENONE 


6 9 
@ @ MERCURIAL DIURETIC GIVEN 
WATER TOLERANCE TEST 


Fig. 4.—Balance study in a patient who showed a slight sodium diuresis in response to 
prednisone and Amphenone, (J. A., a 62-year-old man with portal cirrhosis and ascites.) 
Amphenone administration caused a 60 to 90 per cent decrease in aldos- 
terone exeretion in all 4 patients in whom it was measured (Table ITT) ; how- 
ever, this was not always associated with an increase in sodium excretion 
(Figs. 2 to 5). Case 2 exhibited no increase in sodium exeretion despite a de- 
crease in aldosterone excretion, and in Case 9 the decrease in aldosterone ex- 
cretion following Amphenone actually was associated with a relative fall in 
a previously elevated sodium excretion (Fig. 3). An increased sodium exere- 
tion was associated with the fall in aldosterone excretion in Cases 1 and 10. 
However, in subsequent studies, Case 1 exhibited a diuretie response to 
ednisone alone. Thus, of the 4 patients so studied, Case 10 was the only 
one in whom the natriuresis could be definitely attributed to a decreased 
aldosterone effect. 


The aldosterone excretion of patients without liver disease on an un- 
restricted diet is 0 to 15 wg per 24 hours with a mean of 5, using the method 
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deseribed above (Table IIL). With sodium restriction, the aldosterone execre- 
tion rises to a level of 10 to 45 pg per 24 hours by the third to fourth day 
and subsequently may fall to a level slightly above initial values." Marked 
individual variation is usually observed, 


The mean “free” urine aldosterone ranged from 32 to 8L per cent of the 
total (“free” plus “conjugated”), which may be contrasted with a mean of 
20 per cent for patients without liver disease (Table Il). This value for 
normal subjects is in agreement with the results of Axelrod and associates® 
using a bio-assay technique. The ratio remained relatively constant in each 
patient throughout the study, although there was a trend toward normal in 
Case 2 during Periods III and IV. 


Urine K to Na ratios,* caleulated for Cases 9 and 10 (Figs. 2 and 3), could 
not be closely correlated with aldosterone excretion. This lack of correlation 


had been observed in normal subjects on unrestricted®** and on sodium-re- 
stricted diets,“’ using the same method for aldosterone determination. This 
is in contrast with the experience of Luetscher and Curtis, using the bio-assay 
technique.*! 

Serum Electrolytes and Related Measurements.—Vhe effect of prednisone 
and Amphenone on serum electrolytes and related measurements is seen in 
Table IV. During prednisone administration (Period I1) the serum sodium 
concentration rose 7 to 12 mEq. per liter in 3 instances; 3 to 7 mEq. per liter 
in 3; and remained essentially unchanged in 4 (the latter in patients with 
relatively normal serum sodium concentrations). A fall of 4 mEq. per liter 


was noted in one instance, Case 4 (2). The 3 serum sodium concentrations 
between 124 and 130 mEq. per liter at the end of the control (Period 1) were 
above 135 mEq. per liter after prednisone (Period Il) (Fig. 6). A rise of 
serum sodium concentration began in Case 5 within 2 days, before changes in 
sodium or fluid balance were evident. With this data it is impossible to deter- 
mine whether these changes in serum sodium concentration were related to an 


internal shift of fluid and electrolytes or to increased urine volume and in- 
creased insensible fluid loss. Serum solute concentration rose in all 6 patients 
so measured (Table I). 

A corresponding but less significant rise occurred in total serum protein 
and hematocrit in response to prednisone administration. There were no 
consistent changes in nonprotein nitrogen or carbon dioxide content. Serum 
chloride concentration tended to rise during prednisone administration in all 
but 3 instances. Serum potassium concentration was normal in most. in- 


stances, and there were no consistent deviations. Serum bilirubin concentra- 
tion tended to fall slightly while serum albumin concentration tended to rise 
during prednisone administration, There was no correlation between pre- 
treatment serum albumin or bilirubin concentrations and a response to 
prednisone, and improvement in these values was maintained through the 
final control period, 


*See footnote on page 400, 
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Fig. 5.—Balance study in a patient who showed no sodium diuresis in response to pred- 


arene or Amphenone administration. (J. O., a 40-year-old man with portal cirrhosis and as- 
cites, ) 
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Fig. 6. Fig. 7. 


Fig. 6.—Change in serum sodium in response to prednisone administration. Eleven 
studies in 10 patienta. (See Table IV.) 

Fig. 7.—Urine sodium excretion in response to 2 ml. mercaptomerin subcutaneously 
before and after prednisone administration. 


8 i} 
~ | a 

mi 

150 

mEq /24he8 50 

| 

| mL /24 bee 

1000 
| 

14 100 

35 OL, 6 
- 

130 

12 20 

id 


a ” EFFECT OF PREDNISONE AND AMPHENONE 409 
Number 

The administration of Amphenone for short periods produced no striking 
or consistent changes; however, 3 patients showed a slight rise in serum 
potassium and a fall in serum sodium. No significant alteration in serum 
albumin or bilirubin concentration or cephalin flocculation was noted. 


Response to Mercurial Injections.—The majority of patients exhibited a 
poor response to mereaptomerin during the initial control period, although 5 
(Cases 5, 6, and 8) exereted over 20 mEq. of sodium on the day of injection. 
A small inerease in sodium excretion was seen on the day after injection in 
several instances. 

Following discontinuance of prednisone (Period V), mereaptomerin ad- 
ministration increased urine sodium excretion from 2 to 100 times the Period 
I values (Fig. 7). This increased sensitivity usually decreased rapidly with 
repeated mercurial injections. In 3 patients (Cases 3, 4, and 7) who did not 
achieve a significant sodium diuresis on prednisone, the addition of mereurials 
in 2- or 3-day intervals for a period of 9 to 12 days, although transiently 
inereasing urinary sodium, did not cause a significant weight loss or loss of 
ascites. 

Hypochloremia and decreased glomerular filtration rate both may be 
factors in mercurial unresponsiveness.** ** Steroids are known to increase 
the glomerular filtration rate, although this may be inconstant in patients 
with cirrhosis.** The serum chloride was higher during the final control 
period in each patient except Case 7; however, there was no consistent corre- 
lation between the amount of change in serum chloride levels and the degree 
of responsiveness to mereaptomerin. 


Clinical Observations and Complications.—Coinecident with prednisone ad- 
ministration, a feeling of well-being and euphoria was experienced by all 
patients; however, there were no serious psychologic complications. Appetite 
inereased markedly in some patients. Complaints of between-meal hunger 
were treated with interval feedings subtracted from the daily diets and with 
aluminum hydroxide gel.* Antrenyl,t*® an anticholinergic drug, was added 
in some instances. No evidence of peptic ulceration or of upper gastro- 
intestinal hemorrhage was observed, although bleeding in small amounts from 
rectal hemorrhoids occurred in 3 patients. An increase in peripheral! venous 
distention was noted sporadically, and a softening of the abdomen was noted 
occasionally in patients with tense ascites, prior to fluid balanee changes. 

Serious complications ending fatally developed in 2 instances. Both oc- 
curred following repeated courses of prednisone in severely debilitated pa- 
tients who had clinical and laboratory evidence of far-advanced liver disease 
with recent episodes of impending hepatic coma. Beth patients were severely 
ill with grave prognoses at the time of the repeated courses of prednisone, 
and it is felt that steroids masked the systemic response to infection making 
diagnosis difficult and may have potentiated the virulence of the infections 
by impairment of host resistance. 


*Maalox, William H. Rorer, Inc., Philadelphia, Pa. 


+We are indebted to Ciba Pharmaceuticals, Inc., Summit, N. J., for supplies of Antreny! 
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Amphenone produced a syndrome clinically indistinguishable from im- 
pending hepatie coma in the 2 patients in whom it was given alone (Cases 
3 and 10). Toxicity within 1 to 4 hours after the initial dose forced diseon- 
tinuanee of the drug in each case. These symptoms were less severe and their 
onset was delayed until the second or third day when prednisone was given 
prior to and during Amphenone administration. Even on the combination 
of drugs, 6 of 7 patients developed symptoms of impending hepatic coma, 
while Case 10 developed no toxic symptoms after 6 days of prednisone (30 
mg. per day), and Amphenone (6 Gm. per day). This reaction to Amphenone 
and its relation to hepatie function have been discussed in previous re- 


22. 29 


ports.'* 22: There was no evidenee of aggravation of pre-existing liver cdis- 


ease as a result of prednisone or Amphenone administration. 


DISCUSSION 


The findings reported in this study supplement previous work showing that 
Amphenone inhibits the adrenal cortical biosynthesis of aldosterone'® 
and other steroids'® ''*'* in man. Increased sodium excretion accompanied 
Amphenone administration in 5 of 7 patients to whom it was administered ; 
however, sodium loss could be correlated definitely with an Amphenone effect 
in only 4. The fall in urine aldosterone (observed in all 4 patients in whom 


it was measured) during Amphenone administration was correlated with in- 
creased urine sodium in 2 instances, but this natriuresis could be attributed 
definitely to aldosterone inhibition in only one case. Toxicity prevented pro- 
longed Amphenone administration, thus limiting prolonged study and elinical 
usefulness. 

The elevated aldosterone exeretion observed during the control period 
is in agreement with previous work with cirrhotic patients®* and is consistent 
with the findings of increased aldosterone exeretion in other edematous 
states.” "Nevertheless, the demonstration that reduction of dietary 
sodium in normal subjects will cause an increased aldosterone excretion, 
followed several days later by a decrease,*” * ** makes interpretation of our 
results difficult in view of the prolonged strict dietary sodium restriction, 
Thus, although aldosterone excretion during the control period was clevated 
in all patients measured, it was often not above that seen in patients without 
liver disease on a sodium-restricted diet (Table IIL) 

A sodium diuresis occurred in response to prednisone alone in 5 of 10 
patients, and was clinically significant in terms of loss of ascites in 3. Aldos- 
terone exeretion (measured in 4 patients with and without increased urine 
sodium) could not be correlated with the prednisone-induced natriuresis; in 
fact, a marked diuresis oceurred over a 10-day period in one patient, while 
the aldosterone exeretion remained unchanged. This finding is not in agree- 
ment with the work of Vesin and co-workers" who observed a marked fall 
in aldosterone exeretion in conjunction with a prednisone diuresis in one 
patient, nor with that of Muller and associates! who observed a slight de- 
crease in aldosterone excretion in a patient with cirrhosis receiving prednisone, 
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although he did attribute the diuresis to other causes as well as to aldosterone 
reduction. However, our findings are consistent with the observation that a 
prednisone-induced diuresis in a patient with nephrotic syndrome was not 
associated with a fall in urine aldosterone." 

The mechanisms controlling aldosterone secretion in man under physi- 
ologie conditions are poorly understood. Production of aldosterone appears 
to be controlled partly by changes in extracellular fluid volume,** * partly 
by blood potassium and partly by adrenocorticotrophic 
hormone (ACTH ),'*** although it is evident that not all changes in aldos- 
terone exeretion can be accounted for by these known mechanisms." *' No 
clear relationship is known between any one of these controlling factors and 
the increased aldosterone excretion observed in patients with cirrhosis and 
ascites. Thus, there is no increase in serum potassium.’ Moreover, measur- 
able extracellular fluid volume is not decreased, even on a sodium-restricted 
diet, and expansion of the extracellular fluid by infusions Coes not con- 
sistently cause diuresis.°° Aldosterone does not seem to be ordinarily regu- 
lated by ACTH," and inhibition of ACTH with cortisone or prednisone has 
not produced a constant diuresis.** °°’ In addition, our results fail to show 
a consistent fall in aldosterone excretion in response to prednisone administra- 
tion. The demonstration that urine aldosterone exeretion increases follow- 
ing abdominal paracentesis in cirrhosis’ * is in accord with the concept of 
aldosterone secretion regulated by fluid volume changes, in view of the ob- 
servation that paracentesis is a “dehydrating” procedure in cirrhosis (i.e., a 
decrease in plasma and nonascitie extracellular fluid volumes).'' Thus, 
aldosterone secretion in cirrhosis may increase in response to a diminished 
‘effective but unmeasurable’’ extracellular fluid volume or to diminished intra- 
vascular fluid volume which is secondary to the transudation of fluid into 
the abdominal cavity. The lack of marked increases in aldosterone exeretion 
noted in our patients during control periods may reflect the small amount of 
ascites formation. Although our data suggest a relationship between aldos- 
terone excretion and sodium retention in these patients, the absenee of com- 
plete correlation would indicate that other factors also may be involved. 
Refinement in technique may be needed to elucidate the mechanism of  in- 
creased aldosterone exeretion in cirrhosis with ascites. 

The present observations raise the question of whether the amounts of 
aldosterone measured in the urine actually reflect quantitatively the rate of 
secretion of the hormone by the adrenal cortex. As the amount of aldosterone 
exereted in the urine represents only a small fraction of adrenal produetion, 
the significance of observations based on urinary exeretion is somewhat lim- 
ited. Work with animals has shown that large increases in aldosterone as 
measured in the adrenal vein may not be reflected in the peripheral blood, 
and the amount appearing in the urine has been estimated to be as small as 
1 per cent of adrenal secretion.” In man, using labeled aldosterone, the 


proportion of infused aldosterone exereted in urme was 4 per cent.’ A pre- 


vious discussion has emphasized the reliability of the analytie proceedure used 
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in the present study**; however, it is possible that in patients with cirrhosis, 
the impaired liver function might allow a greater than normal proportion 
of adrenal aldosterone production to be excreted unaltered in the urine. Sug- 
gestive evidence that cirrhosis alters aldosterone metabolism arises from the 
inereased proportion of urine aldosterone present in the free or readily hy- 
drolyzable form. This is in accord with the results of Axelrod and associ- 
ates* and would indicate that the metabolism of aldosterone and of cortisol 
do not necessarily follow similar pathways. Indeed, Englert and associates®’ 
showed that, although the reduction of cortisol was impaired in liver disease, 
the conjugation of its metabolites proceeded unimpaired. A more definite 
answer to these problems must await a satisfactory method of measuring 
plasma aldosterone. 

In contrast to the variable effect of prednisone on aldosterone and sodium 
exeretion, a uniform effect on urine volume was observed. All patients de- 
veloped inereased urine volume during prednisone administration, while 
only 5 of 10 developed increased urine sodium excretion, and this natriuresis 
was not directly related to the degree of increase in urine volume. These 
findings are consistent with the results of others.** °* °° 

Continued administration of adrenal steroids to normal men influences 
the renal tubular reabsorption of water causing an increase in the maximal 
rate of water diuresis, which is unrelated to changes in glomerular filtration 
rate, solute excretion, or antidiuretic hormone effect.“' A similar mechanism 
may be responsible for the diuretic effeet of prednisone in cirrhosis with 
ascites. Endogenous creatinine clearance during prednisone administration 
suggests that glomerular filtration rate alterations are not related to the 
diuresis of these patients. The increased urine volume did not seem to rep- 
resent purely a solute diuresis, for the urine solute concentration in some 
patienis receiving prednisone decreased, indicating that the rise in solute out- 
put was less than the rise in urine volume. The rise in serum solute con- 
centration following prednisone administration is consistent with a decreased 
antidiuretic hormone effect; however, the inadequacy of this postulate is in- 
dicated by the finding of some daily urine solute concentrations of 400 to 500 
mOsm. per liter and over.* In faet, the rise in serum solute concentration 
would be expected to stimulate seeretion of antidiuretic hormone. Thus, the 
concept of an altered renal tubular reabsorption of water unrelated to changes 
in glomerular filtration, solute excretion, or antidiuretic hormone effeet could 
also apply to the patients in this study. In acute studies on normal subjects, 
sodium diuresis invariably accompanied water diuresis due to adrenal steroid 
administration,” while only half of the patients with cirrhosis exhibited an 
increased sodium excretion. This is in accord with previous observations that 
patients with cirrhosis and ascites may retain sodium avidly even in the face of 
strong stimuli for sodium exeretion, The data presented in this study are 


*Antidiuretic hormone is necessary for a concentrated urine under ordinary circumstances ; 
however, Berliner*? has shown that a concentrated urine may be formed in the absence of 
antidiuretic hormone under certain conditions when there is a decreased volume of urine reach- 


ing the concentrating segments of the renal tubules. 
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insufficient to allow a final conclusion concerning the method by which prednisone 
affects water and sodium excretion in patients with cirrhosis and ascites; how- 
ever, the data do not support the concept*® that a decreased aldosterone excre- 
tion alone is involved in the natriuresis caused by prednisone. 

Amphenone administered in small doses to patients with liver disease 
causes a syndrome clinically similar to impending hepatie coma, and the co- 
administration of prednisone was necessary to decrease the severity of this 
reaction. The serious complications noted in 2 patients following repeated 
courses of prednisone warrant the use of caution when administering this 
drug to severely debilitated patients. It should be emphasized that the pa- 
tients in this study were selected for their lack of response to conventional 
diuretic measures, and many were seriously ill. At present, the adverse mani- 
festations of prednisone and Amphenone are a serious limitation to their elin- 
ical effectiveness for this group of patients. 


SUMMARY 


1. Partial inhibition of adrenal steroid production by Amphenone in pa- 
tients with cirrhosis and ascites, who were maintained on prednisone and 
sodium restriction, was associated with increased urine sodium exeretion in 
5 of 7 cases, although a clinically significant loss of ascites occurred in only 
one. A complete inverse correlation between sodium and aldosterone exere- 
tion was not observed, and it is suggested that other factors as well as 
aldosterone secretion are operative in causing the sodium retention of these 
patients. In addition, the data indicate that patients with cirrhosis may 
have an impaired ability to excrete conjugated aldosterone. 

2. Prednisone was found consistently to cause a water diuresis when ad- 
ministered to patients with cirrhosis, and this was associated with an in- 
creased response to mercurial diureties and frequently a rise in serum sodium. 
Inereased sodium exeretion followed prednisone administration in 5 of 10 
cases but was clinically significant in only 3 and could not be correlated with 
decreased aldosterone exeretion. 

3. The adverse neurologie manifestations following Amphenone admin- 
istration to patients with cirrhosis, even though ameliorated by concomitant 
prednisone administration, create a severe limitation to its clinical usefulness. 
Prolonged prednisone administration to these patients with cirrhosis was as- 
sociated with overwhelming infection in 2 instances. 


The authors are greatly indebted to Misses Alice N. Ballou, Ellen J, Doyle, and 
Elaine A. Hirshberg for technical assistance and to Misses Evelyn Antonaros and Mary 
Frances Bradley for dietary aid. Dr. Solomon Papper’s advice was most helpful in the 
interpretation of results. 
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ORNITHINE CARBAMYL TRANSFERASE IN DOG SERUM ON 
INTRAVENOUS INJECTION OF ENZYME, CHOLEDOCHUS 
LIGATION, AND CARBON TETRACHLORIDE POISONING 


Reicuarp, M.D. 
STOCKHOLM, SWEDEN 


N THE mammal, ornithine carbamyl transferase (OCT)! has hitherto been 
found only in liver cells. It oceurs normally in minute amounts in blood 
serum and is often increased in liver disease. This rise may be of diagnostic and 
prognostic significance.’ The aim of the present investigation was to elucidate 
some factors with an important bearing on the diagnostic evaluation of serum 


OCT. 


MATERIAL AND METHODS 


The experimental animals were all healthy mongrel dogs, weighing between 13.5 and 21 
kilograms, that had been dewormed and vaccinated against distemper. 


Operations.—All dogs were anesthetized with Nembutal 0.035 Gm. per kilogram of body 
weight intraperitoneally, and received 600,000 I. U. procaine penicillin by intramuscular injec 
tion to prevent infection. Intubation was done in order to obviate anoxia, The operations 
were performed by Dr. G, Jonson and Dr. D. Hallberg. 


Ligation of the Common Bile Duct.—After opening the abdomen by a midline incision, 
the choledochus was identified, ligated, and then cut 3 to 5 em, from the duodenal papilla. 
The belly was closed within 30 to 60 minutes. All dogs recovered consciousness within 6 hours 
after the onset of anesthesia, and were on their feet the day after operation. 

At subsequent necropsy the bile duct obstruction was checked and found to be complete. 

Control animals were subjected to the same operative procedure with the exception of 
ligation and division of the choledochus. 


Reoperation.—The dogs that had undergone choledochus ligation were submitted, 15 to 
17 days later, to a second operation at which time the continuity of the common bile duct 
was restored by means of a Teflon tube. This operation lasted from 2 to 3 hours and greatly 
impaired the general condition of the jaundiced animals. In 2 of them fluid had to be ad 
ministered intravenously, 


Carbon Tetrachloride Poisoning.—In 4 anesthetized dogs, 1 ml, of carbon tetrachloride 
per kilogram of body weight was instilled through a gastrie tube. These animals recovered 
consciousness within 4 hours after the onset of anesthesia. Their condition had deteriorated 
and they were unwilling to get on their feet. 


Preparation of Liver Extract Containing OCT.—The abdomen of anesthetized dogs was 
opened rapidly and 100 Gm, of liver tissue removed, then cooled with ice to 0° C. All further 
manipulations were done at that temperature. The liver tissue was homogenized, together 
with 300 ml, distilled water, in a Waring blendor. This treatment releases OCT from the 
mitochondria. The homogenate was centrifuged at 20,000 g for 30 minutes. The light-red 
slightly opalescent fluid was used within 24 hours. The extract had a high OCT activity 
(Table IIT). 
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Tissue Homogenates.—Tissue homogenates of different organs were prepared from healthy 
dogs that had been killed by intravenous injection of air during anesthesia, All specimens 
were taken within 5 minutes after death and treated as above but not centrifuged, 

OCT Activity®.—In serum or in tissue homogenates OCT activity was determined by in 
cubation with citrulline-carbamyl-C1 in arsenate buffer.4 The amount of C140, formed is 
proportional to the OCT activity, Results were expressed in micromoles of CMO, per 0.5 
ml, of serum or | Gm, of tissue, 

Other Determinations.—Glutamic oxalacetic transaminase (GOT) and glutamic pyruvie 
transaminase (GPT) were assayed by the method of Reitman and Frankel.® Results were 


expressed in Karmen units.6 
RESULTS 
OCT Content.—The OCT content of different organ homogenates is detailed 
in Table I. No OCT activity exceeding that found in normal serum (0.024 


0.010 pM of C™O, per 0.5 ml. of serum) was demonstrable in brain, lung, spleen, 


panereas, kidney, striated muscle, or heart musele. Gall bladder bile, stomach, 
cecum, and ileum showed enzyme activities equivalent, respectively, to 0.06, 0.74, 
2.60, and 43.0 uM of C'™'O, per 1 Gm. of tissue or per 1 ml. of bile. The corre- 
sponding value for liver was 2,900 pM of C™O.. 


Taste tl, OCT Conrent tN THE DIFFERENT ORGANS FROM DoG. ALL VALUES ARE THE MEANS 
Or DETERMINATIONS FROM 2 ANIMALS 


ORGAN | OCT activity IN PER Gm, TISSUE 
Brain 
Lung 
Spleen 
Pancreas <0.01 
Kidney 
Striated muscle 
Heart muscle 
Blood serum 0.04 
Gall bladder bile 0.06 
Stomach (pyloric portion) 0.74 
Duodenum 36.0 
lleum 43.0 
Cecum 2.6 
Liver 2,900.0 


To rule out intestinal contents as the souree of OCT aetivity, both washed 
and unwashed specimens from stomach, ileum, and cecum were incubated, but 
no verifiable difference in enzyme activity emerged, 

OCT Levels.—The 24-hour OCT levels in dog serum are set forth in Table 
Il. In addition to OCT, both GOT and GPT were assayed since they were 
consistently used as reference enzymes. Blood samples were taken here, as in all 
experiments, by puncture of a leg vein. No 24-hour variation of significance was 
observed, 

Elimination Rate of Liver Extract.—The elimination rate of intravenously 
administere | liver extract containing OCT is shown in Table IIL]. The mean for 


*In an earlier papert the concentration of citrulline-carbamyl-C™ was erroneously given 
aus 1 «M per milliliter. This should be 10 4M per milliliter of final incubation mixture. 
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the 3 dogs will be found in Fig. 1. The 3 different liver extraets had about the 
same OCT content (660 to 730 uM of CO, per 1 ml.). Their GOT and GPT 
contents, which were not determined, probably varied substantially. 


TABLE LIL, THe 24-Hourk Serum LEVELS Or OCT, GOT, AND GPT In 2 Dogs. NokMAL VALUES: 
OCT, 0.024 + 0.010 uM or C140, PER 0.5 ML. SeRUM; GOT, 18.5 + 10.4 Units; GPT, 
23.3 + 10.0 Units. ALL NORMAL VALUES ARE FROM 15 Dogs 


| OCT IN «6M | 
PER | GOT GPT 
DOG NO, | ML, SERUM | 


(KARMEN UNITS) 
1 9; M. 0.011 20 
:00 PLM. 0.018 30 
:00 PLM. 0.018 v5 
:00 PLM. 0.010 
2:00 ALM, 0.018 
ALM, 0.018 


:00 ALM. 0.039 
PLM. 0.030 
5:00 P.M. 0,029 
200 PLM. 0.040 
2:00 ALM. 0.040 
200 ALM. 0.044 


TABLE LIT, Serum Leveis or OCT, GOT, AND GPT Arrer INTRAVENOUS INJECTION OF LIVER 
Exrracr, Liver Extracts ADMINISTERED IN Dogs 3, 4, AND 5 Hap an OCT 
Activity EQUIVALENT T0, RESPECTIVELY, 680, 660, AND 730 uM or C14O, PER MILLI 
LITER. At. ANIMALS Were INJECTED WITH 2 ML, EXTRACT PER KILOGRAM Bopy 
Weicht oN Day 1 ar 8:00 A.M. IMMEDIATELY AFTER THE FIRST SAMPLE 
Hap BEEN TAKEN 


In C40, 
PER 0.5 ML. i | GPT 
DOG NO. SERUM CARMEN UNITS ) 

3 $:00 A.M. 0.018 25 40) 
7.60 400 

O.88 130 

O.119 22 78 

O.070 2 72 


29 


0.038 p 32 
8.30 1,600 
0.79 ‘ 1,000 
0.370 : 715 
0.044 2 440 
0.037 2 160 


0.0386 ‘ 3S 
1070 
10: A.M, 2. ' 630 
10:00 ALM. AY 21 450 
10: A.M, 102 240 
10: A.M, 0.035 190 


OCT was so eliminated from the blood stream that its serum level, measured 
1, 2, and 3 days after injection of the liver extract, amounted to 14, 3, and 1 per 
cent, respectively, of the value determined 2 hours after the injection. The cor- 
responding values for GPT were 59, 42, and 23 per cent, respectively. Serum 
GOT had fallen to 8 per cent after one day and was normal on the second day. 


1 
| 
2 1 28 15 
25 20 
25 20 
. 
2 25 22 
25 20 
6 10:00 ALM. 
4 8:00 A.M. 
10:00 AM. 
2 10:00 ALM, 
3 10:00 A.M. 
4 10:00 AM, 
6 10:00 A.M, 
9 
3 
4 
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Fig. 1.—Elimination of intravenously administered liver extract on Day 1 (2 ml. per kilogram 
body weight). Means in 3 dogs from Table Ill. GOT and GPT in Karmen units. 
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Fig. 2.--Serum OCT, GOT, and GPT after ligation of common bile duct (Day 0). Means in 
3% dogs from Table IV. GOT and GPT in Karmen units. 
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OCT Content of Serum Following Choledochus Ligation.—The OCT of 
serum following choledochus ligation and in the controls is given in Table IV, 
the mean for the ligated dogs in Fig. 2. 


Taste IV. Serum Levets or OCT, GOT, AND GPT Arrer Ligation Or CHOLEDOCHUS (Doas 
6, 8, AND 10) AND IN CONTROL (Dogs 7, 9, AND 11). THE OPERATIONS WERE PERFORMED 
on Day 0 Berween 1:00 aNp 5:00 P.M. SAMPLES WERE TAKEN AT 10:00 A.M. 
Eacu Day 


OCT In C140, GOT GPT 
DOG NO. DAY PER 0.5 ML, SERUM (KARMEN UNITS) 

6 0 0.010 44 33 
1 0.238 150 45 
2 5.60 400 450 
3 10.2 520 1,250 
4 14.3 840 2,800 
6 13.5 400 4,000 
8 10.5 300 3,350 
10 8.40 200 3,350 
12 6.70 180 2,400 
8.60 170 2,400 
8 0 0.045 42 30 
1 0.240 48 40 
2 4.00 110 110 
3 12.8 450 560 
4 23.0 680 1,100 
6 11.2 800 1,200 

10.5 580 
10 9.00 300 1,100 
12 8.60 250 1,250 


12.1 1,000 


0.018 5 
5.50 650 380 


2 9.70 975 510 
3 18.8 1,075 1,100 
4 20.0 1,075 1,350 
6 13.8 750 1,500 
. 15.7 750 2,880 

10 14.3 850 4,200 

12 11.7 475 3,500 


2,000 


7 0 0,020 42 18 
1 0.040 73 95 
2 0.072 104 62 
3 0.020 82 42 
4 0.014 37 42 
6 0.011 56 40 
8 0.015 2 24 


9 0 0.011 

1 0.024 44 28 

2 0.010 32 15 

3 0.015 40 27 

5 0.009 50 28 

9 0.012 47 40 

11 0 0.036 37 42 
1 0.570 70 180 

2 0.048 22 42 

3 0.043 32 95 

4 0.124 37 60 

6 0.065 25 55 

11 0.047 43 60 


* Accidentally lost. 


14 
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The controls exhibited little or no elevation of the enzyme level for the first 
few days after the operation. In the ligated group there were relatively slight 
rises on the first day. OCT reached a peak after 4 days, with a serum level 
1.000 times normal, then gradually declined and, on the fourteenth day, 
amounted to 500 times normal. The GOT content rose to its maximum coinei- 
dent with the OCT peak, when it was 30 times normal; then fell to about 10 
times normal on the fourteenth day. The highest GPT values were found be- 
tween the sixth and twelfth day, being around 150 times normal; the values then 
fell gradually to just under 100 times normal on the fifteenth day. 


Fig. 3.—Serum OCT, GOT, and GPT after carbon tetrachloride poisoning (1 ml. per 
kilogram body weight) on Day 0. Means in 2 surviving dogs from Table VI. (GOT and 
CPt in Karmen units.) 


In the 3 dogs with ligated choledochus the bile flow was restored by re- 


operation after 15, 17, and 15 days, respectively. The enzyme values are shown 
in Table V. Dog 6 died of biliary peritonitis 2 days after the second operation; 
Dogs § and 10 survived for more than 2 weeks. 
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Table V. Serum Leveits or OCT, GOT, GPT In Dogs IN WHICH THE BILE Was 
Restorep Arrer CHOLEDOoCcHUS Ligation, Days Are INvicATED REFERENCE TO 
THE TIME Or THE First Operation (Day 0). THE Seconp Operation Was Per 
FORMED BETWEEN 3:00 AND 9:00 P.M. BLoop SAMPLES WeRE TAKEN At 10:00 
A.M. THE Day BerorE AND ON Eacu or 3 DAYS AFTER OPERATION 
|OCT IN uM C1 0; | 
PER 0.5 ML. GOT | GPT 
bOG NO, y SERUM (KARMEN UNITS) REMARKS 


6 8.60 170 2,400 
Operation 
1.12 350 1,000 
0.400 200 715 
Dead 


3.90 150 SOU 
Operation 
2.60 180 1,440 
0.250 20 500 
0.070 26 580 


6.70 305 000 
Operation 
1.92 120 1,500 
2.28 120 1,050 
2.11 130 930 


In 2 of the dogs all enzymes showed a reduction postoperatively; 1 dog (10) 
still had elevated OCT values, but the other serum enzymes tended to fall. 


Serum OCT in Carbon Tetrachloride Poisoning.—The enzyme values are 
set forth in Table VI and the mean for the 2 surviving dogs in Fig. 3. 

In all animals that survived, the maximum serum enzyme level was found on 
the seeond day. OCT, GOT, and GPT reached, respectively, 4,000, 200, and 
400 times the normal value. Both OCT and GOT then fell rapidly; GOT showed 
normal values on the tenth day but OCT was still slightly elevated after 14 days, 
when GPT was 10 times normal. 

DISCUSSION 

Karlier it has been found? that in mammals OCT occurs only in the liver. 
According to my results, this is not altogether correct; in dogs, very small 
amounts are found in the stomach, bile, and cecum and somewhat greater 
amounts in the small intestine. Here, the content per unit weight is 1.5 per cent 
of that in the liver. A similar OCT distribution occurs in human organs.” The 
discrepancy between my results and earlier ones is in all probability due to the 
more sensitive methods used in the present investigation. 

The important question arises as to whether extrahepatie OCT might  in- 
fluence its level in the serum, thus complicating the use of OC'T in the diagnosis 
of liver disease. ILowever, the amounts in the stomach and cecum are so minute 


that they probably cannot influence the serum level appreciably. Accordingly, 


elevated OCT values are not found in peptie uleer and ulcerative colitis.’ In 
the small intestine the OCT content is low, although not negligible, but diseases 
of that organ are not common. Therefore, elevated serum OCT values should 
point to liver damage if widespread disease of the small intestine can be ruled 
out. 
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About 85 per cent of the OCT (liver extract) injected intravenously in 
healthy dogs was eliminated in the first 24 hours. Elimination of endogenous 
OCT proceeded at the same rate in the dogs with carbon tetrachloride poison- 
ing (Table VI) and in one dog with ligated choledochus in which the bile flow 
was restored (No. 8, Table V). 


VI. Serum OCT, GOT, anp GPT VaLues Arrek CARBON TETRACHLORIDE POISONING. 
ON® MILLILITER CARBON TETRACHLORIDE PER KILOGRAM Bopy WEIGHT WAS ADMINISTERED 
THRovGH A Gastric TuBE ar 11:00 A.M. ON Day 0. BLoop SAMPLES WerE TAKEN 
AT 10:00 EACH DAy 

OCT IN uM C140, 
} PER 0.5 ML. GOT | GPT 
DOG NO, SERUM (KARMEN UNITS ) REMARKS 
12 0.012 12 29 
4.50 2,400 1,000 
57.0 10,000 12,000 
7.60 1,000 * 
1.80 120 10,000 
0.840 80 4,500 
0.630 94 3,000 
0.223 43 1,700 
0.195 32 960 
0.128 38 500 
0.056 28 500 


0.018 24 30 

12.0 4,200 4,600 

62.0 6,750 11,000 

2.40 850 3,000 
Dead 


0.030 32 
1.24 1,100 
92.0 3,7 9,500 
41.0 2 9,600 
3.70 3,900 
1.28 2,900 
1.04 1,860 
0.320 800 
0.095 2 400 
0.090 300 
O.110 245 


0.028 10 
109.0 22,500 18,690 
Dead 


*Accidentally lost. 


A similar rapid elimination of OCT also occurs in human beings, as shown 
in patients with gall stone colic, where the usual substantial rise of OCT sub- 
sides on the second day.’ 


Therefore elevated serum values indicate that biliary stasis or acute liver 
damage either is present or has been present and relieved not more than 2 days 
before the test. 

After ligation of the common bile duct an initial delay of the OCT rise in 
serum appears. This delay is less marked when the gall bladder has been re- 
moved.* This different behavior is most readily explained by the pressure- 
equalizing effect of the gall bladder that is known to influence the serum bili- 
rubin level in a similar way. 
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The dogs with carbon tetrachloride poisoning showed, on the second day, 
excessive serum enzyme concentrations, which for OCT amounted to 4,000 times 
the normal value. After this huge OCT rise the serum values fell rapidly, thus 
suggesting that the damaged liver cells discharged their OCT content quickly. 

If the findings in dogs are applicable to man, determination of OCT could 
be useful in the diagnosis of liver disease. In massive necrosis of the liver, the 
serum OCT should rise quickly and then rapidly fall. Total occlusion of the 
choledochus, on the other hand, should be associated with rising serum OCT 
values for a few days and then a gradual fall during the ensuing weeks. 

Clinieal obstruction of the choledochus is often partial and few patients 
with this condition can be expected to show the OCT behavior typical for choled- 
ochus ligation in dogs. Here, as in moderate and mild cases of hepatitis, fur- 
ther clinical studies in human subjects will have to decide if determination of 
serum OCT may be of diagnostic aid. 


SUMMARY 


Ornithine carbamyl! transferase (OCT) does not normally occur in the 
eanine brain, lung, spleen, pancreas, kidney, striated muscle, or heart musele. 
Minutes amounts are found in bile, stomach, and large intestine. The small 
intestine contains per unit weight about 1.5 per cent of the OCT content of the 
liver. 

In dogs, about 85 per cent of intravenously injeeted OCT disappears 
within one day and the rest within 6 days. In choledochus ligation, OCT 


rises rather slowly in serum the first day, then much faster, and reaches its peak 
on the fourth day with a serum level 1,000 times normal. The OCT serum level 
is still 500 times normal after 14 days. In severe carbon tetrachloride poison- 
ing, maximum OCT values appear in serum on the second day, with 4,000 times 
normal. Thereafter, the OCT level sinks rapidly and is only very slightly ele- 
vated after 14 days. 


I wish to thank Professor Henrik Lagerléf for helpful discussions and valuable 
criticism. I am also indebted to Dr. Ake Senning for help and advice in connection 
with the dog experiments. 
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THE BILE ACIDS OF MAN IN RELATION TO ATHEROSCLEROSIS 


Roperr B. Faitey, Jr., M.D., Juues A. KERNEN, M.D.,* M. E. Hopes, M.D. 
INDIANAPOLIS, IND. 


With The TECHNICAL ASSISTANCE OF SALLY ANN Morton 


URRENT thinking implicates cholesterol in the pathogenesis of athero- 
* sclerosis, Whether the fault in cholesterol metabolism lies on the anabolic 
or eatabolie side is not clear. Most experimental work has been concerned with 
the mechanism of synthesis or with variations in serum cholesterol, while rela- 
tively little attention has been given to the disposition of this steroid. In 
addition, most studies have been confined to animals. 

Bloch and associates! found cholesterol to be converted to cholie acid in the 
dog, while experiments in a single human with a bile fistula resulted in recovery 
of part of the administered cholesterol as glyeocholie acid in the biliary drainage.? 

Wootton and Wiggins® studied the gall bladder bile acid distribution in 
a small number of autopsied cases, and concluded that there was no discernible 
correlation of composition with disease. Isaksson! examined human bile ob- 
tained at operation from ‘‘normal’’ gall bladders as well as from those asso- 
ciated with cholesterol stones. He found no correlation between age or sex and 
the ratios of the bile acids in normal bile, but suggested that both chenodesoxy- 
cholic and echolie acid concentrations are lowered in bile taken from males with 
cholelithiasis. 

Studies by Abell and associates’ in the dog have established a correlation 
hetween diet, thyroid function, serum cholesterol, atherosclerosis, and the ex- 
cretion of bile acids. The present work was undertaken as a preliminary attempt 
to extend these observations to man. In a series of 50 autopsied cases, a 
definite correlation was found between the ratio of DCA to TCA,+t and the degree 


of atherosclerosis. 


METHODS AND MATERIALS 


Gall bladder bile was obtained immediately post mortem from 50 patients who had 


died from a variety of conditions. The specimens were obtained consecutively except when 
technical difficulties caused exclusion of a patient. Bile was held at —-20° C, Storage for 24 
hours at 4° ©, resulted in no distortion of DCA/TCA ratios, nor did storage for several 


months at 20° C,) The DCA and TCA concentrations of the bile were assayed by the method 
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of Mosbach and associates® using pure bile acids* as reference standards. Each specimen 
was analyzed in triplicate. Oceasional samples were checked by separation of the acids on 
a celite column.? Results are reported in terms of milligrams per gram of liquid bile, since 
the viscosity of concentrated bile made pipetting inaccurate. 

Postmortem examinations were performed by the Department of Pathology. Special 
attention was given to the aorta, coronary arteries, and adrenal cortex. While cerebral and 
peripheral vessels were examined occasionally, insufficient evidence was accumulated to 
Warrant tabulation, Atherosclerosis was graded as ‘‘none to slight,’’ ‘‘moderate,’’ or 
**advanced’’ depending on whether less than 10, 10 to 50, or more than 50 per cent of the 
vessel surfaces examined were involved. Few specimens were obtained fron. patients with 
cholelithiasis, partly because of the necessary exclusion of patients who had undergone 
cholecystectomy. 

RESULTS 

Twenty-two men, 17 women, and 11 children were examined. These had 
died from various causes, as indicated in Table I. Although there was rather 
marked variation among the individual cases, the patients with more marked 
atherosclerosis generally showed greater DCA to TCA ratios. This relationship 
is shown more strikingly in Table II, where the average values for the bile acids 
are tabulated for each of the grades of atherosclerosis considered. 

When the data are considered in the light of the ages and sexes of the 
subjects (Table II1), it may be seen that there is also an inerease in the DCA/ 
TCA ratio with age, a higher value being reached earlier in the male. Whether 
or not this is directly related to the inereased ineidence of atherosclerosis 
generally noted with age remains to be seen. 


DISCUSSION 

The details of bile acid formation are not complete. Data from animals 
plus a small amount of information from human experiments indieate that in 
certain species, such as the rabbit, which are more prone to develop athero- 
sclerosis on cholesterol feeding, the chief end product of cholesterol metabolism 


is a dihydroxycholanie (desoxycholic) acid, while more resistant species such as 
the rat dispose of cholesterol chiefly as trihydroxyeholanie (cholie) acid. The 
‘at has been the most extensively studied laboratory animal with respect to bile 
acid metabolism. Degradation of cholesterol in the rat is thought at the present 
time to proceed according to the following scheme, the italicized acids being 
the principal end produets recovered from bile. 


desoxyeholie acid ———————> cholic acidt 
Cholesterol 
chenodesorycholic acid —————> other trihy- 
droxyeholanic 
acids* 
In the normal rat the major pathway of cholesterol degradation is that 
leading to bile acids. Oxidation of desoxycholie acid to cholie acid occurs 
readily so that about 90 per cent of the total bile acid exereted is cholie acid. 


*We are grateful to the Ames Company, Inc., Ielkhart, Ind., for a gift of pure desoxy- 
cholic and cholic acids. 

*While the name of the free bile acid is given, it is to be understood that either the 
giycine or taurine conjugate or both are implied. 
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TABLE IT, CHEMICAL CONSTITUENTS OF GALL BLADDER BILE IN PATIENTS GROUPED ACCORDING 
TO THE DEGREE OF ATHEROSCLEROSIS OBSERVED AT AUTOPSY 
| DEGREE OF ATHEROSCLEROSIS 
NONE TO SLIGHT MODERATE ADVANCED TOTAL 
| (29 CASES) | (11 CASES) | (10 CASES) (50 CASES ) 
DCA 
(mg./Gm. ) 11.2 10.0 11.6 


TCA 
(mg./Gm. ) 8.7 


DCA/TCA 
Total group 1.53 
Adults 1.66 ‘ 
Children 1.33 1, 


Level of significance of DCA/TCA ratios in slight versus advanced atherosclerosis: for 
the total group p 0.02; for adults only 0.05>p>0.02, No significant difference noted be- 
tween the ratios for children and adults in the group showing slight atherosclerosis. 


TABLE IIT, CHEMICAL CONSTITUENTS OF GALL BLADDER BILE IN PATIENTS GROUPED ACCORDING 
TO AGE AND SEX 


20 To 59 60 TO 89 
AGE GROUP 0 To 19 M F M 
Number of patients 13 s 9 
Average age 5.5 44.8 41.4 80.0 
DCA (mg./Gm.) \ 16.6 8.8 10.3 
TCA (mg./Gm.) 9.2 10.2 6.6 5.8 
DCA/TCA : 2.04 1.57 1.94 


Under special cireumstaneces (e.g., hyperthyroidism) the secondary pathway 


assumes increased importance, and chenodesoxycholie acid constitutes more 
than 50 per cent of the end produet. 

The process of bile acid exeretion in man is less well understood than is 
that of the rat but may resemble the scheme shown above. In man also cheno- 
desoxycholie rather than desoxyeholie acid has been shown to be the predominant 
doubly-hydroxylated acid.*\* The pathways discussed relate to fresh gall bladder 
or fistula bile which has not been subjected to prolonged attack by intestinal 
bacteria. 

The present study ineluded patients with a variety of chronie diseases, and 
many of the patients included in this group had limited diets during the latter 
days of their hospitalization. It was not within the scope of this investigation 
to evaluate the effects of diet upon bile acid metabolism. In this connection, 
however, it may be noted that Mosbach and Kendall*® have reported elevation 
of the DCA/TCA ratio in dogs given an ‘‘atherogenie’’ diet. This result 
coincides with that of the present investigation. 

Since the method employed in the present study does not distinguish be- 
tween chenodesoxycholie and desoxycholie acids, the complete signifieance of 
the results reported here is presently in doubt. Several alternate possibilities 
suggest themselves, depending upon which of the dihydroxycholanie acids pre- 
dominates in the bile from patients with atherosclerosis, and work is in progress 
to determine the ratio of chenodesoxycholie to desoxyeholie acid. The observa- 
tions are also being extended to living patients, from whom more than one 
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specimen of bile may be obtained. At present all that can be said is that with 
increasing atherosclerosis there seems to be an inerease in the ratio of di- 
hydroxycholanie acid to trihydroxycholanie acid in gall bladder bile. 

The present study did not, of course, permit analysis of more than one 
bile specimen from each patient, and additional samples of bile might well 
have shown some variability in DCA/TCA ratios. In this connection it might 
he noted that analysis of fresh daily specimens of fistula bile obtained following 
cholecystectomy from 4 patients have shown moderate day-to-day variations in 
the DCA/TCA ratio with the extreme limits for all 4 patients falling between 
0.20 and 3.73.* Detailed observations on these patients will be the subject of a 
future report. It should be noted that the absolute values for bile acids re- 
ported in this study are of much less significance than the ratios because of 
the great variability in coneentration of gall bladder bile. To perform balance 
studies by any simply designed experiment involving diversion of bile acids 
from the intestine is very diffieult, since such diversion brings about profound 
alterations in the total bile acid and lipid metabolism.’® Such studies in a 
human patient would require an Alexis St. Martin of elaborate design and ex- 
treme patience. 


SUMMARY 


1. Fifty patients were examined at autopsy with specifie reference to 
arterial atheroselerosis, and to the bile acid content of gall bladder bile. 


2. A significant correlation between degree of atherosclerosis and the ratio 
of dihydroxycholanie to trihydroxyeholanie acids was noted. 

3. Men in the 20 to 59 years of age group showed a higher ratio of dihy- 
droxyeholanic to trihydroxycholanie acids than did women in the same age 


group. 
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THE INFLUENCE OF ALCOHOL AND DIETARY MAGNESIUM UPON 
HYPERCHOLESTEROLEMIA AND ATHEROGENESIS IN THE RAT 


L. S. Gorriies, M.D.,S. A. Brorrman, Pu.D., J. J. Viraue, Sc.D., 
AND NORMAN ZAMCHECK, M.D. 
Boston, Mass. 


With THE TECHNICAL ASSISTANCE OF M. Hazei, R. Cavanacu, P. COLON, AND 
P. Connors 


ANY clinicians are proponents of the viewpoint that chronie aleoholie 
patients have less atherosclerosis than do nonaleoholie patients.” Wilens* 
has suggested that this apparent difference may be explained in part by a de- 
creased food intake, but to date only a few experiments have attempted to 
assess the role of alcohol in the pathogenesis of atherosclerosis,“ and these 
studjes have not shown a consistent relationship between alcohol and athero- 
genesis, 

Eberhard® demonstrated that aleohol markedly inereased serum cholesterol 
levels in the rabbit. This observation was not confirmed by Feller and Huff, 
who reported that alcohol did not significantly alter serum cholesterol levels. 
Furthermore, these authors were unable to demonstrate an effeet of aleohol upon 
atherogenesis in rabbits. 

Flink® found decreased serum magnesium levels in chronic aleoholie pa- 
tients while Klingman and associates'® observed an increased tendency toward 
convulsions in rats fed aleohol and low-magnesium diets. These data suggested 
a relationship between alcohol and dietary magnesium. Vitale and his eo- 
workers" recently reported that rats fed a diet containing cholesterol and cholic 
acid developed vaseular sudanophilia whieh was reduced significantly by in- 
creased levels of dietary magnesium. 

The present study investigated the interrelationships among these factors 
and the results showed that alcohol ingestion by rats increased vascular sudan- 
ophilia and serum cholesterol levels. 


METHODS 


Weanling albino male rats* weighing 50 to 55 grams were fed a basie diet con 
sisting of purified casein (10 per cent), glucose (58.1 per cent), salt mixture (5.0 per 
cent),t celluflour (5.0 per cent), choline chloride (0.3 per cent), vitamin ADE mixture 
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tSalt mixture of Jones, J. H., and Foster, C.: J. Nutrition 24: 245, 1942, with the CaCO, 
MgSO, removed. 
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(0.1 per cent),* CaCO, (1.5 per cent), and fat (Spry) (20 per cent). This diet was made 
atherogenic by the addition of 1.0 per cent of cholesterol and 0.3 per cent cholic acid 
with a proportionate reduction in the amount of glucose necessary to keep constant the 
percentage of protein and fat in the solid diet. The animals were housed in individual 
cages and fed ad libitum. Groups of animals were fed either the basic diet or the diet 
containing cholesterol and cholic acid. These two groups were further subdivided into 
those receiving either water or 20 per cent aleohol as the only source of fluid. Magne- 
sium as magnesium oxide was added in concentrations varying from 6 to 192 mg. per 
100 grams of diet. 

Food, alcohol, and water intakes were measured daily. Animals were weighed bi- 
weekly, and observed for signs of magnesium deficiency, e.g., hyperexcitability and hyper- 
emia of the ears, feet, and tail. 

Animals were sacrificed at the end of 28 or 29 days. Serum cholesterol levels were 
determined according to the method of Carpenter and associates.12 Sections of the gastro- 
intestinal tract, kidney, liver, and heart were fixed in 10 per cent formalin for microscopic 
examination. The left kidney was decapsulated and weighed. Hearts were removed with 
the aorta attached and opened in a manner to expose the aortic and mitral valves, After 
fixation in formalin these specimens were stained with Sudan IV. The aortic and mitral 
valves, the intervalvular endocardium, and the aorta were examined by use of a dissecting 
microscope. The sudanophilia was estimated on a 0 to 4 plus scale by two of the authors 
working independently and the total vascular sudanophilia was designated as “heart 
score.”11,13 The degree of calcium deposition in the renal tubules was evaluated in the 
manner previously described and designated as “kidney score,” 


RESULTS 

Table I shows that the serum cholesterol levels of animals drinking 20 per 
cent aleohol were significantly higher than those of animals fed only water. 
There was no apparent correlation between the level of dietary magnesium and 
serum cholesterol in animals fed aleohol or water. 

Heart scores were 7, 9, and 3 for the groups fed 20 per cent aleohol and the 
24, 96, and 192 mg. per cent magnesium diets, respectively. The daily average 
food intake for these 3 groups was approximately 7.0 Gm. The heart scores of 
animals fed water were 6, 5, and 4, and they ingested an average of 9.8 Gm. per 
day over the same period. 

As was expected, high levels of dietary magnesium reduced the heart score 
of rats fed only water from 6 at 24 mg. per cent to 4 at 192 mg. per cent. Al- 
though those animals which were fed alcohol had significantly higher serum 
levels of cholesterol, the amount of vascular sudanophilia seen was significantly 
increased in only one instance. The group fed a diet containing 96 mg. per cent 
of magnesium and alcohol had a heart seore of 9 while those fed the same level 
of dietary magnesium with water had a heart score of only 5. 

The addition of aleohol resulted in decreased food intake as well as de- 
creased total caloric intake.f Similarly, the decreased calorie intake was 
accompanied by a decreased rate of weight gain. The level of dietary magnesium 
was without effect on weight gain in both the alcohol and water-fed groups. 

The kidney “profile” was evaluated by (1) gross appaerance, (2) the weight 
of the kidney, (3) the ratio of kidney weight to body weight (K/B ratio), and 

*A mixture of vitamins A, D, and E was prepared by adding 5 Gm. of halibut oil and 
1 (im. of alpha-tocopherol acetate to 44 Gm. of corn oil (Mazola). The following vitamins 
were added per kilogram of diet: 4 mg. thiamine hydrochloride, 8 mg. riboflavin, 4 mg. of 


pyridoxine hydrochloride, 25 mg. of calcium pantothenate, and 40 mg. of niacin. 
*The caloric value of alcohol was calculated as 7 calories per gram of absolute alcohol 
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(4) the kidney seore. The effect of magnesium deficiency upon the kidneys was 
similar to changes previously deseribed.*'*" On gross examination kidneys 
showing the “magnesium effect” were usually large and pale, and the severe 
eases revealed surface speckling subsequently identified as tubular dilatation. 
Microscopic examination revealed the deposition of laminated calcium stones 
within the lumina of the colleeting tubules of the outer third of the zona inter- 
media. We have called this change renal tubular microlithiasis. Occasionally, 
the microliths were found in the medullary tips, and their presence was not 
correlated with the severity of the deposits in the remainder of the medulla. 
Other microscopic findings included dilatation of the tubules surrounding the 
microliths with flattening of the cuboidial epithelium, focal epithelial hyper- 
plasia, and local giant cell formation, as well as slight to moderate dilatation 
of the proximal nephron. Focal interstitial infiltrates of Lymphocytes and 
plasma cells were also noted in the cortex and medulla. 

Alcohol ingestion completely protected against renal tubular microlithiasis 
in this experiment (Table 1). The kidney seore of animals fed only water was 
1 at 24 mg. per cent and was decreased te a score of 0 at the highest level of 
dietary magnesium. The average weight of the kidneys of the aleohol-fed ani- 
mals was slightly less than that of animals on water. The K/B ratio was re- 
duced from 0.52 at 24 mg. per cent to 0.42 at 192 mg. per cent in animals fed 
water. Hlowever, the K/B ratio was always higher in aleohol-fed animals. 

In Experiment II (Table Il) two lower levels of dietary magnesium were 
added. Animals fed 6 mg. per cent of magnesium were not given alcohol since 
in our experience these animals have not survived such a regimen, Animals 
fed alcohol instead of water had significantly higher levels of serum cholesterol 
despite the facet that they ingested approximately 35 per cent less food. The 
average serum cholesterol level for animals ingesting water varied only from 
596 to 762 mg. per cent regardless of the level of dietary magnesium. Aleohol- 
fed animals had serum cholesterol levels ranging from 800 to approximately 
1,400 mg. per cent. 

The heart scores of animals fed only water were 5.3 at 6 mg. per cent mag- 
nesium, 5.6 at 12 mg. per cent, 3.2 at 24 mg. per cent, and approximately 2 at 
96 and 192 mg. per cent. Heart scores of animals fed alcohol, however, were 
6.9 at 12 mg. per cent magnesium, 4.4 at 24 mg. per cent, 4.0 at 96 mg. per cent, 
and 2.1 at 192 me. per cent. The correlation coefficient caleulated for dietary 
magnesium versus heart score was 0.45 for the group fed water and 0.61 for 
the group fed aleohol, both of which are significant at the 0.01 level (P<0.01). 

When cholesterol and cholic acid were omitted from the diet (Table IIT) 
the average serum cholesterol level (103 mg. per cent) of the aleohol-fed group 
was slightly higher than that of the water-fed animals (82 mg. per cent). 
Dietary magnesium had no effect on serum cholesterol levels in either group. 
The heart scores, as expected, in this group were zero. 

Maximal weight gain of aleohol-fed animals occurred at dietary magnesium 
levels of 96 to 192 mg. per cent while water-fed animals grew maximally at 
12 mg. per cent. 
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Taste LV. Errecr or 20 Per Cent ALCOHOL AND MAGNESIUM ON GASTROINTESTINAL 
HEMORRHAGE 


MAGNESIUM (MG. PER CENT)| | ATHEROGENIC DIET | NONATHEROGENIC DIET | 
12 3/8* 
24 2/8 
96 0/8 
1/8 


*Number of animals dying with GI hemorrhage. 


In contrast to Experiment [, aleohol did not prevent renal tubular miecro- 
lithiasis. The addition of magnesium to the nonatherogenie diet with and 
without aleohol and to the atherogenic diet without alcohol significantly reduced 
the K/B ratio but did not reduce the elevated ratio in animals fed the athero- 
genie diet and aleohol (Tables I, II], and III). In general, the atherogenic diet 
alone caused greater K/B ratios than did the nonatherogenie diet. However, 
even when large amounts of magnesium were added to the atherogenie diet the 
K/B ratio remained elevated. It was also noted that aleohol tended to increase 
the K/B ratios of animals fed the atherogenic and nonatherogenie diets. 

Fourteen aleohol-fed rats in Experiment. II died with moderate to marked 
gastrointestinal hemorrhage. The largest number of deaths occurred in those 
rats fed the low-magnesium diets (Table IV). There was no significant differ- 
ence between the groups fed either the atherogenic or nonatherogenie diet. The 
stomachs and intestines were partially to completely filled with changed black 
or brown blood. On gross examination, a few stomachs were focally congested 
and showed petechial-like hemorrhages in the glandular portion. No ulcerations 
were found in either stomach or duodenum. Microscopie examination of the 
stomach and duodenum revealed only slight to moderate autolysis of the glan- 
dular portion of the mucosa. 


DISCUSSION 
Weanling rats fed the cholesterol-cholate diets regularly developed hyper- 
cholesterolemia. The addition of 20 per cent alcohol to this diet caused as much 
as a twofold increase in the degree of hypercholesterolemia, although the food in- 
take was approximately one-third less. This is essentially in agreement with 
the studies of Eberhard® who noted elevated serum cholesterol levels in aleohol- 
fed rabbits on an atherogenie diet. 


The cause of the elevated serum cholesterol levels associated with alcohol 
intake is not clear. Whether aleohol facilitates the absorption of cholesterol, or 
promotes endogenous synthesis of cholesterol, or impedes the degradation of 


endogenously produced cholesterol are questions which remain to be investigated. 


On gross examination, livers of both the aleohol and water-fed animals on 
the atherogenie diet were enlarged and pale. Microscopie examination revealed 
slight fatty vacuolization of hepatie cells in both groups of animals. Thus, it 
was not possible to correlate the variations in serum cholesterol leve's with the 
liver morphology. 

Animals ingesting aleohol did not consume a 10 per cent protein diet. Since 
the amount of alcohol ingested comprised part of the total calorie intake, the 
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adjusted value of the protein in these diets was approximately 8 per cent. This 
decreased protein intake could account for part of the rise of serum cholesterol 
observed in the aleohol-fed animals. Fillios and associates'® demonstrated that 
a reduction in the amount of protein from 10 per cent to 5 per cent in athero- 
genie diets resulted in an inerease of serum cholesterol levels of approximately 
30 per cent. However, the increases in cholesterolemia associated with alcoholic 
ingestion (up to 100 per cent) are too great to be accounted for by a 2 per cent 
reduction in protein intake. 

The possibility was considered that aleohol ingestion might have resulted 
in a relative choline deficiency superimposed upon a magnesium deficiency pro- 
ducing higher heart seores. Hartroft and co-workers"? reported early atheroma- 
like lesions in the coronary arteries, carotid arteries, and aortas of rats fed a 
hypolipotropie diet; and Wilgram and Hartroft'* stated that young male rats 
fed an atherogenic hypolipotropie diet developed coronary lipoidosis and aortie 
sclerosis. However, Wilgram and his co-workers’ later reported that dietary 
choline was necessary for the production of atheroma-like lesions and recent 
studies*® have shown that atheromatous plaque formation does not take place 
readily in the hearts and aortas of choline-deficient rats fed an atherogenic diet. 
Furthermore, Weiss and associates?! demonstrated that the plasma cholesterol 
level in choline-deficient animals was reduced and that the addition of lipotropic 
substances to an atherogenic diet significantly raised the cholesterol level. Sim- 
ilarly, Mann and co-workers*? reported that choline was essential for the pro- 
duction of sustained hypercholesterolemia in Cebus monkeys fed diets high in 
cholesterol. Thus, in view of the elevated serum cholesterol levels and heart 
scores in the aleohol-fed groups it was concluded that the dietary choline was 
adequate to satisfy the choline requirement of animals in this study. 


As seen in Tables I, II, and III the fluid intake of the aleohol-fed animals 
was greatly reduced. It is improbable that dehydration caused part of the 
increase in serum cholesterol levels, since the results of preliminary studies in 
this laboratory showed no differences between the hematocrits of water and 
aleohol-fed rats. 

In Experiment I the heart scores of aleohol-fed animals were essentially 
the same as, and in one group higher than, water-fed animals. In Experiment 
II, the heart scores of the aleohol group were consistently higher than those of 
the water-fed animals, As expected, high levels of magnesium tended to de- 
crease the heart scores, but did not completely eliminate heart valve and aortic 
sudanophilia. There was no apparent effect of magnesium upon serum choles- 
terol levels. It would appear that hypercholesterolemia is essential for the pro- 
duction of sudanophilia but that it is not directly proportional to the level of 
cholesterolemia. These observations are in agreement with previous studies!! 
in which a disassociation between serum cholesterol levels and the extent of 
sudanophilia was noted. 

Since this study was performed on the weanling rat, the relevance of the 
findings with respect to human atherosclerosis is uneertain, The validity of 
using the cholesterol-fed rat as a model for the human disease remains to be 
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proved. Furthermore, the alleged reduction in atherosclerosis attributed to al- 
coholism may indeed be due to the effeet of aleohol upon the dietary habits of 
aleoholies, who in general, eat fewer calories, fat, and protein during periods of 
intensive drinking. Further clinical studies correlating, at least, dietary habits, 
serum cholesterol, and magnesium levels with the degree of atherosclerosis are 
indicated before one can relate alcohol ingestion per se to atherogenesis. 

The apparent contradiction between the results reported here and those of 
Eberhard® and more recently Nichols and associates’ who found that aleohol did 
not promote the development of atherogenesis in rabbits and chickens may be 
partially explained by the higher levels of, protein used by these investigators. 
It seems likely that the atherogenic effeet of aleohol is mediated in part by an 
increased magnesium requirement. This effeet is apparent only at low levels of 
protein. Vitale and co-workers'' demonstrated that high dietary magnesium did 
not exhibit any protective effect on heart sudanophilia when 20 per cent protein 
was incorporated into diets containing | per cent cholesterol and 0.3 per cent 
cholate. Thus, a diet high in protein may mask the effeet of aleohol in increas- 
ing the magnesium requirement. 

The results of these studies and others** raised the question as to whether 
or not cholesterol and cholie acid aggravated the kidney lesions attributed to 
low-magnesium diets. It is not possible to distinguish the kidney of an animal 
fed an atherogenic diet from that of an animal fed a nonatherogenie diet by 
weight alone. In experiments reported by Hellerstein and associates!’ feeding 
cholesterol and cholie acid usually increased the amount of renal tubular micro- 
lithiasis and, indeed, tubular ecaleification has been used as an indication of 
magnesium deficiency. In the present study, this finding was not constant. On 
the other hand, the ratio of kidney weight to body weight was always elevated 
in animals fed cholesterol and cholie acid, and it appeared that the gross mor- 
phology, coupled with the kidney to body weight ratios, was a more consistent 
index of magnesium deficiency in cholesterol and cholie acid-fed animals than 
was renal tubular calcification. In subsequent studies, Vitale and associates** 
also made these observations. 

(iastrointestinal hemorrhage was noted in 14 rats whieh died prior to the 
termination of Experiment II. All 14 animals were on 20 per cent aleohol and 
there was no significant difference between the groups fed atherogenie and non- 
atherogenic diets. Inereased levels of dietary magnesium protected the rat 


against gastrointestinal hemorrhage. Unfortunately, postmortem autolysis in- 


terfered with the histologie study of the upper gastrointestinal tract and may 
have masked gastric lesions. 


SUMMARY 

Weanling male rats were fed diets made atherogenie by the addition of 1 
per cent cholesterol and 0.3 per cent cholie acid. One group of animals received 
20 per cent aleohol as the only source of fluid and another group received water. 
Magnesium wes added in the form of magnesium oxide in varying concentra- 
tions from 6 to 192 mg. per 100 Gim. of diet. 

The results of this study demonstrated that rats fed an atherogenic diet 
and 20 per cent aleohol ate approximately 35 per cent less food but had higher 
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serum cholesterol levels and more extensive vascular sudanophilia than rats fed 
an atherogenic diet with water. 
amount of lipid deposition. 


High levels of dietary magnesium lowered the 


It was also shown by the kidney profile and weight gain that aleohol in- 


creased the magnesium requirements of animals fed the basie diet, and that 
the addition of cholesterol and cholic acid accentuated the deficiency. 
mechanisms for these observations were discussed. 


Possible 
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SERUM CHOLESTEROL LEVELS IN ATHEROSCLEROTIC PATIENTS 
TREATED WITH ORAL ANTICOAGULANTS 


I’. A. Herpert, M.D., R. E. Beamisu, M.D., ano W. F. Perry, M.D. 
WINNIPEG, CANADA 


NTICOAGULANT therapy has proved to be of value in the treatment of 
A the thrombotie complications of coronary atherosclerosis. However, other 
possible actions of the oral anticoagulants have not been intensively studied. 
The direct-acting anticoagulant, heparin, has antilipemie properties and pro- 
longed heparin treatment of patients with myocardial infaretion has been 
claimed by Engelberg' to result in a lowered mortality and morbidity in such 
patients. This may be associated with the antilipemie properties of heparin. 

Although the oral anticoagulants have a different mechanism of action 
than heparin and need not necessarily have actions similar to heparin on serum 
lipids, nevertheless it seemed of interest to study the effect of these agents 
on serum lipids of subjects who had been placed on these drugs because of 
thrombotic episodes or evidence of impending thrombosis. 


METHODS 


Five groups of patients were studied. The first group consisted of 8 individuals 
treated with phenylindanedione; the second consisted of 10 subjects who received aceno- 
coumarin; and a third group was composed of 6 patients who were given ethyl biscoum- 
acetate.* The age range in each of these 3 groups was from 50 to 70 years. All these 
patients had evidence of impending myocardial infarction or had experienced a recent 
myocardial infaretion; these two types were distributed equally throughout the three 
groups. 

Since many of the atherosclerotic subjects in all groups had shown evidence of 
vascular disease, the majority had been placed on diets of moderate fat and caloric in- 
take months or weeks previous to the study. The rigidity of adherence to these diets 
is not known, but the diets of all patients, as far as could be ascertained, remained the 
same during the periods of observation. 

The anticoagulants were administered orally in divided doses daily in amounts 
sufficient to maintain the prothrombin time, estimated by the one-stage method of 
Quick, between 25 and 30 per cent of normal. Blood samples were taken at intervals over 
the first 10 weeks of therapy and again over a period between 24 and 32 weeks after 
starting therapy. 

Another group, consisting of 7 middle-aged atherosclerotic subjects, receiving no anti- 
coagulant therapy, were observed over a 6-week period. A fifth group of 5 atherosclerotic 
individuals were treated with heparin in doses insufficient to produce anticoagulation. 
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*Acenocoumarin is marketed as Sintrom, ethyl biscoumacetate as Tromexan. Both prep- 
arations were supplied by Geigy Pharmaceuticals, Montreal. 
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In the latter group all subjects had blood samples taken before starting treatment. 
They were then given 200 mg. of herapin subeutaneously every 48 hours over a 6-week 
period; blood samples were taken 2 days after the first dose of heparin and thereafter at 
approximately weekly intervals 48 hours after an injection of heparin and just prior to the 
next injection. 

The blood samples were centrifuged and the separated serum either analyzed the 
same day or quickly frozen and stored at -15° C, and analyzed later. The following 
determinations were made on the sera of the patients: total serum cholesterol by the 
method of Pearson and associates?; total serum lipids using the turbidimetriec method of 
Kunkel and co-workers’; and serum lipoprotein was determined by paper electrophoresis 
after the method of Jencks and associates.4 The separated lipoproteins were stained with 
oil red O. The stained lipoproteins were eluted with methanolic chloroform and the opti- 
cal density measured in a Beckman model B spectrophotometer. The £-lipoprotein was 
expressed as a per cent of the sum of the optical densities of the a@ plus £ lipoprotein lipid. 
Duplicate determinations agreed within 7 per cent. Lipoprotein determinations made on 
the 24- to 32-week samples were measured with an automatic scanning device (Spineo 
Analytrol), Results obtained by scanning and eluting the same strips were similar. 


ETHYL 


CONTROL PHENYLINDANEDIONE BISCOUMACE TATE 
HEPARIN ACENOCOUMARIN 


WEEKS 


SERUM CHOLESTEROL 
mg P4 


a 


Z TOTAL 


B. LIPOPROTEIN 


Fig. 1.—The serum cholesterol, total serum lipids, and lipoprotein levels in atherosclerotic 
patients receiving anticoagulants. 


RESULTS 

It will be seen from Fig. 1 that signifieant (p < 0.05) elevations oceurred 
following the initiation of treatment with the coumarin derivatives, aeeno- 
couramin and ethyl biseoumacetate. However, when investigated again after 
24 to 32 weeks, the serum cholesterol in these patients had returned to the levels 
found at the beginning of anticoagulant therapy. This rise following treat- 
ment was not apparent in the similar patients who received phenylindanedione. 
The control group of untreated atherosclerotic patients showed no signifieant 
variation in the serum cholesterol over a 10-week period of study. In the 
heparin-treated group no significant alterations in cholesterol were found over 
the 6-week period this therapy was carried on. 
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The total serum lipids tended to parallel the serum cholesterol levels; 
significant elevations were noted following acenocoumarin and ethyl biscoum- 
acetate therapy, but no real changes occurred in the untreated group. In the 
heparin-treated group the total serum lipids fell significantly from the pretreat- 
ment levels but this decrease was not maintained. 

No significant changes were observed to oecur in the B-lipoprotein measured 
as a per cent of the total lipoprotein except in the subjects treated with heparin. 
In this group there was an early fall in the proportion of B-lipoprotein which 
was maintained for 2 weeks and thereafter tended to return to pretreatment 
values in some of the subjects. 


DISCUSSION 
There is an apparent difference between the serum cholesterol of the groups 
treated with aeenocoumarin and ethyl biseoumacetate and the group treated with 
phenylindanedione. In the acenoecoumarin and ethyl! biscoumacetate groups, 
significant elevations in serum cholesterol occurred but these did not appear 
to be maintained. No changes were apparent in similar patients treated with 
phenylindanedione. Bernard-Griffiths® has reported that a combination of small 
doses of Dicumarol and choline given to atheroselerotie individuals produced a 
slight inerease in serum cholesterol. Although not strietly comparable with our 
studies, this report and our findings with the coumarin derivatives are in accord, 
ReiniS and co-workers® have reported that administration of ethyl biscoumacetate 
to cholesterol-fed rabbits accelerates the rate of increase in serum cholesterol and 
rate of evolution of atheromatous lesions whieh usually follow cholesterol feeding 
in the rabbit. 

There are several possible explanations for the difference in the serum cho- 
lesterol values of the patients treated with the coumarin derivatives. The 
coumarins may have brought about a deereased catabolism or an increased syvn- 
thesis or absorption of cholesterol, or they may have eaused a mobilization of 
cholesterol from vascular plaques. Whatever the mechanism, it does not appear 
to be persistent, for by the twentieth week of treatment the cholesterol level was 
back to pretreatment values. 

The lack of response of serum cholesterol in the heparin-treated group is 
in accord with the findings of others.’:* Tlowever, the total serum lipids and the 
B-lipoprotein fell in these individuals. These results are in agreement with 
those of Soffer? who reported a fall in total serum lipids in subjects treated with 
heparin. These changes may be in some way related to the clearing of an ali- 
mentary lipemia which follows heparin injection. In the present series, all sub- 
jects showed initial changes in total serum lipids and lipoproteins after heparin 
injections were started. However, in 3 subjects these changes were not main- 
tained and the lipid levels and £-lipoprotein were observed to have returned to 
pretreatment levels in the blood samples taken 4 weeks after the institution of 
treatment, 

The findings reported here indieate that dicoumarin derivatives, particularly 
acenocoumarin, temporarily elevate the serum cholesterol and total serum lipids. 
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Whether or not this is of any importance in the use of those agents as anti- 
coagulants in atherosclerotic patients remains to be determined. 


SUMMARY 


Atherosclerotic subjects were treated with heparin or the oral anti- 
coagulants, phenylindanedione, or dicoumarin derivatives (acenocoumarin and 
ethyl bisecoumacetate), and the serum cholesterol, total serum lipids, and f-lipo- 
proteins were measured. 


In the phenylindanedione-treated group no significant change oecurred in 
any of these serum lipids. In patients treated with acenocoumarin and ethy! 
biscoumaeetate, elevations occurred in the serum cholesterol and total serum 
lipids which were maintained for at least 10 weeks but were back to pretreatment 
levels after 24 to 32 weeks of therapy. 


In none of the groups treated with oral anticoagulants were any significant 
alterations in the B-lipoproteins noted. 


In the group treated with heparin no change was noted in the serum 
cholesterol levels but significant falls were found in the levels of total serum 
lipids and beta lipoproteins. 
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STUDIES ON ERYTHROPOIESIS 


X. THe Usk or Bone Marrow Tissue CULTURE IN DEMONSTRATING 
ERYTHROPOIETIN 


WENDELL I*. Rosse, M.D.,* anp CLirrorp W. Gurney, M.D. 
Cuicaco, 


N RECENT years, the kineties and controlling mechanisms of erythrocyte pro- 

duction have been studied extensively. One of the most important and inter- 
esting results of these investigations is the demonstration that a humoral sub- 
stance(s) (erythropoietin) is responsible, at least in part, for the increased 
erythropoiesis in response to hemorrhage,'* hemolytic and 
cobalt administration.’ Furthermore, indirect evidence has been accumulated 
showing that the amount of this factor(s) is decreased when the production of 
erythrocytes is reduced as in transfusion-induced polycythemia’? and hyper- 
oxia.” 

To date, nearly all assays of erythropoietic activity have been carried out 
in whole animals. Increases in reticulocyte, hemoglobin, and hematocrit values,“ 
as well as the inerease in radioiron uptake," * have been used as parameters in 
assessing the effect of erythropoietin-rich serum on normal, starved hypophy- 
sectomized, or polyceythemic animals. Qualitative estimates of erythropoietic 
activity in the spleen and bone marrow have also been used as evidence of the 
presence or absence of erythropoietin.’” However, only one report’? of the 
quantitative estimation of the effect of serum rich in erythropoietin on pro- 
liferation of erythrocyte precursors was found in the literature. 


The improvement in tissue culture techniques has made it possible to main- 
tain tissue cells in vitro. It is the purpose of this paper to present some experi- 
ments wherein the effect of different sera upon bone marrow cells grown in 
tissue culture is measured quantitatively. 


MATERIALS AND METHODS 


The chambers used in these experiments for the cultivation of the marrow cells were 
a modified version of the Mackaness and Smith monocyte culture chambert (Fig. 1, 4 and 
B)..8 This consists of a block of unplasticized Perspex 4.9 by 3.2 by 0.22 em. In the 
center, circular holes with a diameter of 23 mm. are counterbored from each side to within 
1.5 mm, of each other, and a hole, 19 mm. in diameter, is drilled completely through. Thus the 
central hole is surrounded by a recessed border on both sides. From the side, two small holes, 
0.7 mm. in diameter, are drilled into the central hole. The plug consists of two parallel 
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wires of slightly smaller diameter set in a small piece of plastic at the same distance apart 


A Perspex ring, 1 mm. high and 6 mm, inside and 8 mm. outside 
diameters, from which a small are has been removed completes the apparatus. 


as the two lateral holes. 


Fig. 1._-A, Component parts of the modified Mackaness and Smith monocyte culture 
chamber before assembly. Upper left, main block; middle left, cover glasses; lower left, 
plug and internal ring; right, inverted shallow-well glass slide used to support main block 


during sterilization. B, Modified Mackaness and Smith monocyte culture chamber fully 
assembled. 


The plastic chamber is constructed after sterilization in dry heat (100 to 105° C.) for 
| hour, using paraffin (melting point 56 to 58° C.). A chemically clean and sterile circular 
cover slip, 22 mm, in diameter, is placed on one recessed border and secured with melted 


wax. The chamber is inverted after cooling, and the previously waxed central ring is placed 


A, 
B 
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so that a needle may be inserted through a lateral hole and into the center of the ring 
through the missing are. A cover glass is placed on the top recessed edge, and the bottom 
cover glass is gently heated to melt the wax on the central ring, thus securing it. The top 
glass is then secured with melted wax. 

The culture medium used was Earle’s salt solution*® with added vitamins,* amino acids,” 
and glutamine* in amounts twice Eagle’s specifieations.14-16 The serum used was taken 
under sterile conditions by cardiae puncture from Holtzman strain rats that had been fasted 
overnight. The following sera were tested: (1) serum from normal rats weighing 200 to 
300 grams (normal serum); (2) serum from rats that had been made anemic by hemorrhage 
on two consecutive previous days and in which the hematocrit was less than 25 per cent 
(anemic serum); (3) serum from rats given cobaltous chloride (25 ~M per 100 Gm. body 
wt.) with tracer amounts of radioactive cobaltee ten hours previously (cobalt serum); (4) 
normal rat serum with an amount of cobaltous chloride added in vitro equal to the amount 
present in the cobalt serum (cobalt control serum); and (5) serum from rats that had been 
rendered polyeythemie by tranfusion of erythrocytes equal to 4 per cent of the body weight 
given over a period of 3 days and in which the hematocrit was 65 to 70 per cent (poly- 
cythemiec serum). 

The marrow cells were obtained by means of sterile dissection of both femurs of a 
rat killed by cervical fracture and were placed in 5 ml. of Eagle’s salt solution to which 
Versenate (disodium ethylenediaminetetraacetate) had been added in a concentration of 1.5 
mg. per milliliter, The cells were agitated, and the multicellular clumps allowed to settle 
to the bottom by tilting the tube at an angle of 45 degrees in ice water for 5 to 10 minutes. 
The supernatant suspension of single cells and smaller clumps of cells was removed and 
centrifuged for 10 minutes at 1,200 r.p.m.; the acellular supernatant was removed. The cells 
were resuspended in enough Eagle’s medium (without serum) to make a concentration of 
6,000 to 8,000 nucleated cells per cubie millimeter. Two parts of this cellular suspension 
were added to 1 part of each of the sera being tested. Likewise, 2 parts of Eagle’s medium 
were added to 1 part of each of the sera, making the medium complete. 

Inside the ring of each chamber was placed 0,06 ml. of the cellular suspension by means 
of a tuberculine syringe equipped with a No. 22 needle. The space between the ring and the 
main part of the chamber was partially filled with the corresponding complete medium, leav- 
ing an air bubble. The plug was dipped in a 1:1 mixture of paraffin and yellow petrolatum, 
and the wires were inserted into the 2 lateral holes. The chambers were incubated at 37° C., 
and rotated at intervals of 4 to 12 hours, Ten to fifteen replicate cultures were prepared 
for each serum tested, 

At specified time intervals, the upper cover glass was removed and the ring loosened. 
The medium was agitated gently to remove all cells from the bottom and was carefully 
aspirated and measured with a tuberculin syringe graduated in 0.01 ml. units. The chamber 
was washed twice with 0.2 ml. of 2 per cent acetie acid, and the recovered wash fluid was 
measured. No cells remained on the bottom cover glass. The number of nucleated cells per 
cubic millimeter was counted without further dilution on a regular Neubauer hemocytometer ; 
two separate aliquots were used. The total number of cells removed was calculated. This 
process was performed on 3 chambers of a particular serum at each time. 

Slides for differential count were made on 2 chambers of each serum at each time. The 
top cover glass was detached, and the supernatant fluid was removed carefully while the 
central ring was still attached. The cells remaining on the bottom cover glass were quickly 
air-dried and stained with Wright’s stain after removing the cover glass from the chamber 
and the ring from the cover glass. The cover glasses were mounted, cells downward, on 
regular glass slides and labeled so that they could be counted as unknowns. Differential 


count of 1,000 cells on each slide was performed in a systematic fashion, counting the cells 


in separate microscope fields along the horizontal, vertical, and (occasionally) diagonal diam 
eters of the cellular area, 


*Obtained from Microbiological Supplies, Bethesda, Md. 
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From these data, the total number of any particular cell type or types can be 
calculated. 

Number of type A cells = (total cells per x mm.3) » 4 

RESULTS 

The number of erythroeytie precursors was plotted against time of ineuba- 
tion (see Figs. 2, 3, and 4). In the presence of normal serum the number of 
these cells decreased linearly throughout the 24-hour period. In cultures in- 
cubated with anemie serum, the number of these cells increased during the 
first 12 hours and decreased during the second 12 hours. Cobalt serum elicited 
the same response, and cultures incubated in cobalt control serum behaved 
similar to those in normal serum. With polveythemic serum, the number of 
erythrocyte precursors at 12 hours was significantly below the number in eul- 
tures using normal serum. During the following 24 hours (12 to 36 hour ineu- 
bation) the number of erythrocyte precursors in the polyeythemice cultures was 
lower than in the normal cultures but the difference was not so striking. 
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TIME OF INCUBATION (hours) 
2.—Total number of erythrocyte precursors in bone marrow tissue cultures grown in 
normal and anemic sera. 

The number of each of the erythroeyte preeursors (rubriblast, prorubricyte, 
rubrieyte, and metarubrieyte) was analyzed for each of the time intervals 
(Tables I, I], and IIL). In 3 out of the 4 experiments (anemic or cobalt 
serum), it was observed that at 12 hours the number of metarubrieytes was in- 
creased above the original number at 0 hour; this inerease was maintained 
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through 24 hours. In one experiment with anemie serum (Experiment 3), the 
number of metarubrieytes was only slightly higher at 12 hours and had de- 
creased by 24 hours. At this same interval the number of rubricytes and pro- 
rubricytes was increased over the original number and was considerably higher 
than the number of these cells in normal cultures. During the second 12-hour 
period, the number of these cells decreased at a rate greater than that seen in 
normal cultures. Rubriblasts are so searce in these cultures that changes in 
their number cannot be accurately assessed. 


TABLE I. (EXPERIMENT 1) NUMBERS AND PERCENTAGES (OF TOTAL NUCLEATED CELLS) OF 
ERYTHROCYTE PRECURSORS IN BONE MARRow CULTURED WitH NoRMAL AND ANEMIC 
SERA AFTER VARYING INTERVALS OF INCUBATION 


I2Hours £24 HOURS 
PRECURSOR 0 HOUR | NORMAL | ANEMIC | NORMAL ANEMIC 


Total cell count 301,240 267 430 271,170 199,630 245,480 
Metarubricyte 

Number 26,810 44,130 45,010 30,540 43,690 

Per cent 8.9 16.6 15.3 17.8 
Rubricyte 

Number 28,610 7, 37,690 15,710 

Per cent 9.5 13.9 J 6.4 
Prorubricyte 

Number 24,010 5,350 21,960 1,200 5,150 

Per cent 8.0 2.0 8.1 0.6 2.1 
Rubriblast 

Number 2,410 2,670 2,980 200 490 

Per cent 0.8 0.1 1.1 0.1 0.2 
Total erythrocyte 

precursors 

Number 79,430 69,530 107,640 40,920 65,040 

Per cent 27.2 25.1 39.7 


TaBLe Il, (EXPERIMENT 2) NUMBERS AND PERCENTAGES (OF TOTAL NUCLEATED CELLS) OF 
ERYTHROCYTE PRECURSORS IN BONE Marrow CULTURED IN NORMAL, ANEMIC, AND 
POLYCYTHEMIC SERA AFTER VARYING INTERVALS OF INCUBATION 
12HoURS 24 HOURS 36 HOURS 
NORMAL | ANEMIC | THEMIC | NORMAL | ANEMIC | THEMIC | NORMAL | THEMIC 


PRECURSOR 
Total cell 

count 252,380 260,050 228,320 208,310 252,680 187,160 143,290 135,100 
Metarubri- 

cytes 

Number 40,380 64,490 31,050 31,250 65,410 26,760 10,750 6,620 

Per cent 16.0 24.8 15.0 25.9 14.3 7.0 4.9 
Rubricytes 

Number 22,460 = 26,780 5 10,830 17,180 10,290 2,560 

Per cent 8.9 10.3 D. 6.8 5.5 : 
Prorubricytes 

Number 9,340 8,580 7,300 7 5,550 2,990 

Per cent 3.7 3.3 3.2 2. 2.2 1.6 
Rubriblasts 

Number 500 2,080 200 700 200 

Per cent 0.2 0.8 0.1 . 0.3 01 
Total erythro- 

cyte precur- 

sors 

Number 72,680 = 101,930 48,130 46,250 88,840 40,240 15,750 10,080 

Per cent 28.8 39.2 21.1 22.2 $5.2 21.5 1.1 5 
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When polyeythemic serum was used there was a decrease in the number of 
metarubrieytes and rubricytes that was more rapid than that seen in normal 
cultures during the first 12 hours. 


DISCUSSION 

Normal Serum.—The linear decrease of erythrocyte precursors in normal 
cultures is the product of interaction of several factors. The number of pre- 
cursors present at any time represents the balance between proliferation, cell 
death, and maturation to anuclear erythrocytes during the preceding period of 
time. Cell death may be large in these cultures beeause the environmental 
conditions in the chamber are suboptimal when compared with marrow in situ. 
Proliferation is probably decreased and maturation increased by “progressive 
maturation of the culture,” i.e., the tendeney of all the cells in the culture to 
mature and thus become incapable of dividing and maintaining the line. Os- 
good'? emphasized that when an immature cell divides, one of the daughter 
cells must remain immature and the other must mature if the normal numerical 
relationships are to be maintained. There is good evidence that this delicate 
balance is not maintained in these cultures since the proportion of metarubri- 
cytes and segmented neutrophils to total erythrocyte precursors and total granu- 
loeytes, respectively, increases and the proportion of more immature forms 
decreases with time. Thus all factors tend to decrease the number of erythro- 
cyte precursors during any time interval. 


Anemic Serum.—The increase in the total number of erythroeyte pre- 


cursors during a 12-hour incubation with anemic serum suggests that the eryth- 
ropoietic-stimulating factors(s) (erythropoietin) is present in anemic serum 
in a form that is directly usable by the bone marrow cells. The proliferative 
stimulatory effect of this faetors(s) is apparently upon the prorubrieytes and 
rubrieytes. 


As in the normal cultures, the decline in erythrocyte precursors during the 
second 12 hours is the result of 3 processes: proliferation, cell death, and mat- 
uration. Again, progressive maturation of the culture is occurring; this tends 
to offset any stimulatory effeet of the serum on proliferation by reducing the 
number of cells that are capable of division. It is impossible to state with 
certainty whether maturation of single erythrocyte precursors and/or progres- 
sive maturation of the culture is hastened by the stimulatory effeet of the anemic 
serum. The more rapid decline in rubrieytes and prorubrieytes during this 
period suggests that both individual and progressive maturation are probably 
hastened by the active serum. 


Cobalt and Cobalt Control Serum.—When cobalt serum was used, there 
was evidence of stimulation to the same degree as in anemic serum. When 
cobalt control serum was used, no such activity was demonstrated. These facts 
substantiate the findings of Goldwasser and associates” '* that the erythropoietic 
effect of cobalt is mediated through a humoral mechanism (erythropoietin). 
In addition, the almost exact correspondence of erythrocyte precursors in the 
cultures grown with cobalt control serum and those grown with normal serum 
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indicates that there is no direct effect of the ion on the bone marrow at these 
concentrations. These results are in agreement with the observations of Laforet 
and Thomas'* who found no direct stimulatory effect of cobalt ion on bone mar- 
row when oxygen levels and heme synthesis were analyzed in cultures. 


Polycythemic Serum.—When animals are rendered polyeythemie by trans- 
fusion, the amount of circulating erythropoietin is presumably reduced because 
the amount of oxygen at the site of production is increased and thus the stim- 
ulus for production is reduced."' Erythropoiesis in the transfusion-induced 
polyeythemie mouse spleen is reduced.’ In the present experiments, the lower 
number of erythrocyte precursors in polyeythemie cultures as compared with 
that in normal cultures at 12 hours is presumptive evidence that the amount 
of erythropoietin is greater in normal serum than in polyeythemie serum and 
that erythropoietin is necessary to maintain a “normal” state of erythropoiesis. 
(However, the presence of an inhibitor of erythropoiesis in the polyeythemie 
serum cannot be ruled out with absolute certainty.) Erythropoietin appears 
io be one of the controlling mechanisms in the normal state and not merely an 
emergency mechanism to stimulate erythropoiesis during stress. 


Errors of Measurement.—The over-all effects of the various treatments are 
clear from examination of Figs. 2 to 4. Although 3 chambers were used to deter- 
mine each total cell count, ordinarily only 1 or 2 differential counts were made 
for each treatment at each time. Thus, we can measure directly the precision 
of a total cell count but not that of differential count or of their product, the 
total erythrocyte precursor count. However, in some preliminary experiments 
replicate differentials counts were made, and we have used these to measure the 
precision of differential counts. 

It was found that the coefficient of variation (standard deviation divided 
by the mean count) of repeated total counts was approximately 12 per cent 
(somewhat smaller for the zero hour counts) and consequently the coefficient of 
variation of the average of 3 such counts, being less by a factor of 1/3, is 
approximately 7 per cent. For counts in the neighborhood of 200, the standard 
error is thus approximately 14, and the differences in total count at each time 
do not greatly exceed what might be expected on the basis of measurement error 
alone. 

The coefficient of variation of repeated differential counts is approximately 
14 per cent. Since the total erythrocyte precursor count is the product of the 
total cell count and the differential count, its coefficient of variation is approxi- 
mately 7? + 14° per cent, or about 16 per cent. For counts in the neighbor- 
hood of 80, the standard error is thus approximately 13, and the differences in 
erythrocyte precursor total counts are appreciably larger than the estimated 
magnitude of the measurement error. 


SUMMARY 


The effects of 5 different types of serum upon erythropoiesis in bone marrow 
tissue culture have been tested, using a modification of the Mackaness and Smith 
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chamber. Eagle’s medium and test serum in a 2:1 proportion were used as nu- 
trient medium. Total and differential cell counts were done after 0, 12, 24, 
and, in one case, 36 hours of ineubation at 37° C. Cultures sustained with 
normal rat serum showed a decrease in the number of erythrocyte precursors 
which is linear and predictable. Cultures grown in serum from rats rendered 
anemie by bleeding showed a marked increase in erythropoiesis after 12 hours 
of incubation. The same effect was seen in cultures grown with serum from 
rats that had been given cobaltous chloride (25 um per 100 Gm. body wt.) 10 
hours before the removal of the serum. When cobalt ion was added to normal 
serum in vitro to the same final concentration as found in the serum from 
injected rats, the resultant combination had no effect on erythropoiesis. When 
serum from rats rendered polyeythemie was used, a marked decrease in erythro- 
poiesis was noted after 12 hours of incubation. 


These experiments give further evidence of the existence of a humoral fae- 
tor (s) (erythropoietin) that stimulates erythropoiesis, and, in addition, establish 
that the substance(s) circulates in a form that is readily available to the bone 
marrow. The stimulatory effect of cobalt on erythropoiesis is through this 
hormone. In addition, there is also evidence that erythropoietin is present in 
serum from normal animals and also that the amount is decreased in serum 
from animals rendered polyeythemice by transfusion. 


We gratefully acknowledge the efforts of Dr. Paul Meier, Department of Statistics 
of The University of Chicago, in preparing the statistical analyses of these experiments 
and Dr, William Barclay of The University of Chicago School of Medicine for his in- 
struction in the construction and use of the culture chambers. 
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DETERMINATION OF REDOX ACTIVITY OF LEUKOCYTES AS A 
DIAGNOSTIC AID IN SYSTEMIC LUPUS ERYTHEMATOSUS 
(. Davin Coorver, M.D., R. Feuts, M.D., THomas McP. Brown, M.D., 
AND RutH H. WicHELHAUSEN, M.D. 
WASHINGTON, 


N 1953, Chaudhuri and Martin reported a metabolie alteration in leukocytes 


from patients with acute disseminated lupus erythematosus, as measured by 
the redox test.’ 


The test is so named beeause it measures both reduction and 
oxidation. 


The leukocytes of patients with systemic lupus erythematosus 
(S.L.E.) exhibited a depression of activity as compared with the cells obtained 
from normal subjects. The leukocytes of normal individuals exhibited de- 
pression of redox activity following exposure to the plasma of patients with 
S.L.E. 


The present study was undertaken to investigate the specificity of the 
redox reaction prior to attempts at identification of the plasma factor re- 
sponsible for the altered metabolism. 


MATERIALS AND METHODS 


Studies were carried out on healthy medical students, patients with a variety of 
acute and chronic diseases, patients with systemic lupus erythematosus (untreated and 
treated with corticosteroids), and patients receiving hydralazine, as shown in Table I. 


Care was taken to include those entities which fall within the field of connective tissue dis 


orders, those in which an allergic or hypersensitivity mechanism is postulated in regard to 
etiology, and those in which abnormal serum proteins are commonly found, 


Redox activity was measured by the method of Chaudhuri and Martin.! 


Minutiae 
are added here, as minor technical variations influence the accuracy of the test. 


1. Heparin: Liquaemin* sodium (heparin solution), 50 mg. per milliliter, 


2. Saline: Sterile physiologic solution (0.9 per cent NaCl). 


3. Dextran: A 5 per cent solution is prepared and autoclaved for 20 minutes at 20 


pounds pressure (intrinsie viscosity 0.46). This solution will keep for 2 to 3 weeks, if 
refrigerated.t 

4. Dye:  2,6-Dichlorophenol-indophenol. For stock solution, 20 mg. are dissolved 
in 200 ml. of saline. This solution may be kept for 2 months if refrigerated. 


For per 
formance of the test, the dye-stock solution is diluted 1:6 in saline.} 
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TABLE I, SUMMARY OF CASES STUDIED 


Systemic lupus erythematosus (prior to treatment) 22 
Systemic lupus erythematosus (receiving steroids) 14 
Diseoid lupus erythematosus 9 
Hypertension (6 receiving hydralazine) 11 
Hypertension with hydralazine syndrome 5 
“Febrile” rheumatoid arthritis 13 
Rheumatoid arthritis 20 
Marie-Striimpell spondylitis 5 
Palindromic rheumatism 2 
Acute rheumatic fever 2 
Polyarteritis 2 
Scleroderma 4 
Arthralgia, bursitis, ete. 5 
Ulcerative colitis 3 
Psoriasis (1 with arthritis) 2 
Pemphigus 
Iritis 
Reiter’s syndrome 1 
Osteoarthritis 20 
Gout 2 
Osteoporosis (etiology undetermined ) 1 
Allergic reactions (serum sickness) 3 
Angioneurotic edema 
Sarcoidosis 1 
Multiple myeloma 2 
Cirrhosis of the liver 2 


Other diseases (pyelonephritis, sickle-cell anemia, pulmonary 
tubereculosis,, pulmonary interstitial fibrosis, duodenal 
ulcer, carcinoma of the colon, hypothyroidism, pregnancy, 


psychoneurosis) 18 
Normal controls 84 
Total 256 


5. Dextran, dye, and saline must warm to room temperature before use. 


6. All syringes, needles, and glassware must be siliconized.* 


Ten milliliters of blood is placed in a rubber-stoppered test tube containing 0.2 ml. of 
heparin solution, The blood and heparin are mixed by whirling or inverting onee. The 
‘*stopper area’’ of the tube is cleaned by wiping, and 2.5 ml. of dextran solution is added. 
(Dextran induces rapid sedimentation of the red cells and allows the separation of the white 
cells.) The tube is stoppered with a fresh stopper and mixed by whirling or inverting once. 
The stopper area of the tube is again wiped clean. The blood-dextran mixture is poured into 
au fresh tube, in order to remove any bubbles. The tube is then stoppered and allowed to 
stand upright for 30 minutes at room temperature. With a Pasteur pipette, the supernatant 
is transferred to a fresh tube, being careful to leave the sedimented red blood cells undis- 
turbed, The supernatant is then mixed thoroughly without frothing, with a 5 ml. pipette. 
Five milliliters of this supernatant is placed into a fresh tube, then stoppered and ineubated 
for 30 minutes in a 37° C. water bath. During this incubation period, a routine leukocyte 
count is done on the remainder of the leukoeyte-platelet-plasma mixture. In the ineubated 
mixture, the leukocytes are separated from the platelets and plasma by centrifugation at 50 
g for 7% minutes. The supernatant is drawn off with a Pasteur pipette attached to suction, 
taking care to leave the leukocytes undisturbed. The leukocytes are then resuspended in 
saline, adjusting the count to 7,500 per cubie millimeter. (A routine leukocyte count is per- 
formed on the white blood cell-saline suspension to assure a count of 7,500 per eubie milli- 
meter. If the leukocytes are packed too tightly and do not resuspend easily, or if the count 
is too low, the results of the test are not accurate.) 


*Siliclad: Clay-Adama, Ine., 141 East 25th Street, New York 16, N. Y. 
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One milliliter of resuspended cells is placed into each of 3 small tubes. One and 
five-tenths milliliters of diluted dye solution is placed into each of 2 small colorimeter 
tubes (12 by 75 mm.) and 1.5 ml. of saline into a third colorimeter tube. 


First the saline and cells are mixed for the blank by pouring the saline into one of 
the tubes containing the cells and then back into the colorimeter tube. The instrument 
(Coleman Junior spectrophotometer, Bausch & Lomb spectrophotometer, ete.) is standardized 
with the blank. Reading is done at 600 mz. The per cent transmission scale is used for 
the reading to facilitate rapidity. Standardization is repeated before each reading. 

Once the instrument is standardized, the first dye-cell mixture is prepared by pouring 
the dye into the tube containing the cells and then back into the colorimeter tube. The 
timing is started immediately after mixing; the reading is done, and the dye-cell tube is 
placed in a 37° C. water bath. The spectrophotometer is restandardized and the duplicate 
set of cells and dye is mixed, timed, read, and incubated. The blank is then placed into the 
water bath. A few drops of mineral oil are poured into each tube to cover the top of the 
mixture and ensure anaerobiosis. The oil should run down the side of the tube and mixing 
with the contents of the tube must be avoided. 

All tubes are read at 0, 5, 10, 20, and 30 minutes. The per cent of dye reduced is then 


determined. Caleulations are made after conversion of per cent transmission to optical 
density. 
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. Fig. 1.—Typical” normal curve (110 determinations) and “lupus” curve (72 determina- 
tions) with standard deviations. (Curves show the per cent of 2,6-dichlorophenol-indophenol, 
which has not been reduced by leukocytes. ) 


In this study all tests were done without knowledge of diagnosis beforehand. They 
were routinely run in duplicate with a normal control done in conjunction with each group 
of unknowns. Fig. 1 shows the typical normal curve as well as the typical ‘‘lupus’’ eurve. 
Fig. 2 shows a comparison of typical curves obtained in this laboratory with those of Chaud 
huri and Martin, and gives a clear indication of the reproducibility of their technique in our 
hands. Equally good correlation was obtained in all tests performed in our laboratory by 
different technicians. 


L.E. cell preparations were performed on all individuals included in this study, using 
two different techniques.?, 3 
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RESULTS 
The redox activity of leukocytes from 256 individuals was determined. 
Normal values (negative test) were obtained in 222. This group included 
acute and chronie diseases as well as 84 normal controls. Depressed redox 
activity (positive test) was found in 34 (Table II). 
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Fig. 2.--Comparisons of “typical” curves from this study (110 normal; 72 “lupus’) with 
those of Chaudhuri and Martin (20 normal; 16 “lupus’). 


The conditions in which a positive redox test was obtained were: (1) 


3) conneec- 


systemic lupus erythematosus; (2) discoid lupus erythematosus; ( 
tive tissue disorder, clinically compatible with either systemic lupus erythema- 
tosus or severe febrile rheumatoid arthritis, with consistently negative L.E. 
preparations; and (4) hydralazine syndrome. <A total of 57 patients with 
these disorders were studied and 34 had a positive test. 


TABLE Il, SUMMARY OF CONDITIONS IN Wuicu Positive Revox Test Was Founp 


| NUMBER OF | REDOX TEST | Ok CELLS 
CLINICAL DIAGNOSIS PATIENTS | POSITIVE | NEGATIVE POSITIVE 
Systemic lupus erythematosus l4 14 0 14 
(untreated ) 
Systemic lupus erythematosus S 0 Ss Ss 
(on steroid therapy) 
Discoid lupus erythematosus 9 3t 6 0 
Differential diagnosis: S.L.E. or 21 12% 9 0 
severe febrile rheumatoid ar 
thritis 
Hivdralazine syndrome 5 5 0 3 


*Six additional patients with positive tests prior to treatment had negative tests when 
receiving steroids, 
FAL had clinical evidence of dissemination. 


tKight of these patients have subsequently had positive LE. cell preparations or positive 
biopsy 
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Fourteen patients of this group had systemie lupus erythematosus; L.E. 
cells were demonstrable at the time of initial study and all 14 had a positive 
redox test. 

In a group of 9 patients with typical skin lesions of discoid lupus ery- 
thematosus, 3 positive redox tests were obtained. Clinically these 3 individ- 
uals had signs of systemic involvement such as leukopenia, albuminuria, fever, 
and elevated sedimentation rates, but negative L.E. cell preparations. In the 
remaining 6, there was nothing in the ¢linical course or laboratory tests to 
indicate dissemination. 

Twenty-one individuals presented clinically as diagnostic problems with 
a clinical course compatible with severe febrile rheumatoid arthritis or sys- 
temic lupus erythematosus. L.E. cells were not demonstrable at the time of 
or prior to the performance of the redox test. Twelve of these 21 patients 
had a positive redox test. In 8 of these 12, the diagnosis of S.L.E. was sub- 
stantiated later, not only by the clinical course, but also by the demonstration 
of L.E. cells in 6 of the patients, and by biopsies compatible with the diag- 
nosis of S.L.E. in 2 others. In one of these patients the positive redox test was 
obtained 18 months prior to positive pathologie diagnosis. At the time the 
redox test was done, it was difficult to distinguish between the two entities 
by the clinical pattern of these 21 patients. Whereas 8 patients now have 
definite S.L.E., it has not as yet been possible to arrive at a more definitive 
diagnosis in the 13 other “febrile rheumatoids,” 4 of whom have a_ positive 
and 9 a negative redox test. A few case summaries are included to illustrate 
the difficulty in clinical differentiation. 


CASE REPORTS 

Cask 1.—L. E. is a 57-year-old white saleslady with a 2-month history of fever, bursitis 
of both shoulders, stiffness and swelling of the proximal interphalangeal joints of both hands, 
and generalized arthralgias and myalgias, accompanied by a weight loss of 35 pounds. Physi 
cal examination also revealed pleural effusion in the right chest. Laboratory studies revealed 
the following: hematocrit 36; sedimentation rate* 41 mm. per hour; white blood count 6,000 
with normal differential; STSt negative; total protein 7 Gm. per cent with serum albumin 3.8 
and globulin 3.3 Gm. per cent; gamma globulin 13 units}; PPD No. 1 skin test positive. 
Sealene node biopsy revealed old tuberculoid granulomas. L.E. preparations were negative. 
Redox test was positive. 


CASE 2.—G, P. is a 50-year-old Negro woman with a 4-month history of fever, swelling, 
and pain in her ankles, knees, wrists, fingers, and elbows, bilateral iritis, and keratitis, ac 
companied by a weight loss of 20 pounds. Laboratory studies were as follows: hematocrit 
39; sedimentation rate 46 mm. per hour; white blood count 7,050 with 5 per cent lympho 
cytes; STS negative; total protein 7.5 Gm. per cent with serum albumin 2.5 and globulin 5.0 
Gm, per cent; gamma globulin 20 units; sheep-cell agglutination positive. L.E. preparations 
were negative. Redox test was positive. 


Cases 1 and 2 are typical of the ‘* febrile rheumatoids’’ in whom a positive 
redox test was found. 

Case 3.—G. H. is a 28-year-old Negro stenographer with a l-year history of pain 
and swelling of the wrists, fingers, knees, and ankles, following an episode of sore throat, 

*All sedimentation rates (Wintrobe) corrected. 


*STS serologic test for syphilis. 
tTurbidimetric technique.' 
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fever, and left pleural pain. Chest x-ray, taken at time of onset, revealed a left pleural 
effusion with no evidence of tuberculosis. She had two episodes of parotid gland swelling for 
which speeifie etiology could not be determined. Laboratory studies were as follows: he- 
matocrit 34; sedimentation rate 36 mm. per hour; white blood count 3,600 with 65 segmented 
forms, 5 band forms, and 30 lymphocytes; STS negative; total protein 8.6 Gm. per cent 
with serum albumin 3.0 and globulin 5.6 Gm. per cent; gamma globulin 21.5 units. L.E. 
preparations were negative. Redox test was negative. 


Case 4.—C. L. is a 20-year-old white female student with a 3-year history of fever, 
multiple joint swelling, and pain, accompanied by severe fatigue and weight loss. At times, 
an erythematous skin rash has been noted on the trunk and extremities. Past history revealed 
that she had acute rheumatic fever at the age of 11. The results of laboratory studies were 
as follows: hematocrit 34; sedimentation rate 38 mm. per hour; white blood count 8,450 
with normal differential; STS negative; total protein 7.3 Gm. per cent with serum albumin 
3.4 and globulin 3.9 Gm. per cent; gamma globulin 7 units; antistreptolysin-O titer 166 units; 
sheep-cell agglutination negative. L.E, preparations were negative, although on one oeca- 
sion 2 ‘‘tart’’ cells were found. Redox test was negative. 


Case 5.—W. F. is a 72-year-old white man with an 18-month history of fever, joint 
pain, and swelling involving the knees, ankles, and proximal interphalangeal joints of the 
fingers, elbows, and shoulders, accompanied by a 40-pound weight loss. Laboratory studies 
revenled: hematocrit 36; sedimentation rate 44 mm. per hour; white blood count 10,500 
with a slight shift to the left on differential; total protein 6.5 Gm. per cent with serum 
albumin 3.0 and globulin 3.5 Gm. per cent; gamma globulin 21 units; STS negative; sheep 
cell agglutination positive. Chest x-rays have revealed a fibrotic infiltration in both lung 
fields which has gradually increased over a period of 12 months. Repeated studies for 
tuberculosis have been negative. L.E. preparations were negative. Redox test was negative. 


These 3 cases are typical of the “febrile rheumatoids” in whom a negative 
redox test was found. The similarity of the clinical pattern with Cases | 
and 2 can be seen, the only significant difference being the results of the 
redox test. To date, L.E. cell preparations have remained negative in all 5 
and there have been no differentiating features in the clinical course. 

Case 6.—L. F. is a 66-year-old white woman with a l-year history of pain, stiffness, 
and swelling of the hands, shoulders, knees, and ankles, as well as stiffness of the neck, 
accompanied by fever, weight loss, and repeated episodes of nonspecific abdominal pain. 
Laboratory studies: hematocrit 28; sedimentation rate 36 mm. per hour; white blood count 
5,200 with 76 segmented forms, 3 band forms and 21 lymphocytes; total protein 6.7 Gm. 
per cent with serum albumin 2.5; and globulin 4.2 Gm. per cent; gamma globulin 7.5 units; 
STS negative; sheep-cell agglutination negative. L.E. preparations were negative. Redox 
test’ was positive. Her course was progressively downhill. She developed marked anorexia 
and irritability. She was hospitalized 6 months later and restudied. X-rays showed bilateral 
lung involvement compatible with virus pneumonia or malignancy. Fluid was noted in both 
pleural cavities. All studies for tuberculosis were negative. L.E, preparations were now 
positive. Redox test remained positive. Therapy with corticosteroids was instituted. Redox 
test was repeated after steroids were administered and was negative. L.E. cell preparations 
were repeatedly positive, while on steroid therapy. 

This case serves to illustrate the demonstration of a positive redox test in 
a “febrile rheumatoid” approximately 7 months prior to the demonstrations 
of positive L.E. cell preparations. In another instance, a positive redox test 
has been obtained 18 months prior to definitive diagnosis of S.L.E. 

Six patients with S.L.E., postive L.E. preparations, and positive redox 
tests were examined again after they had been placed on corticosteroid 
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therapy. In each case the positive curve reverted to normal after steroid 
administration (Fig. 3). 

In one patient the redox test was found to be negative 4 hours after a 
single intravenous dose of 50 mg. of hydrocortisone. As little as 5 mg. of 
prednisone per 24 hours was found to cause reversion of the abnormal redox 
activity to normal. Eight additional patients with S.L.E. and demonstrable 
L.K. cells were seen by us only after hormonal therapy had been started. All 
8 patients had a negative redox test. 
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Fig. 3.—Redox curves of 6 patients with S.L.E, (18 determinations for each curve) before 
and after treatment with steroids. (See text.) 
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Five of 11 patients receiving hydralazine had a positive redox test. Four 
of the 5 had symptoms of the hydralazine syndrome at the time of study; 
L..E. cells were demonstrated in 3. The fifth individual was selected because 
he was receiving hydralazine in doses of 800 mg. daily. He was found to 
have positive L.E. preparations and a positive redox test, despite the absence 
of symptoms of the hydralazine syndrome. The 6 patients with a negative 
redox had negative L.E. cell preparations and no symptoms. 

The dosage range of hydralazine was in excess of 300 mg. per day in 4 
of the 5 patients. The other patient had had a severe hydralazine reaction 2 
years prior to this study, following prolonged administration of the drug 
at levels of 600 mg. daily. No hydralazine was given in the 2-year interval. 
Following determination of redox activity, which was normal, a single 50 
mg. dose of hydralazine was administered. The patient developed symptoms 
of the hydralazine syndrome and a positive redox test within 24 hours. L.E. 
cells were not demonstrable. 

Depressed redox activity, symptoms of hydralazine syndrome and _posi- 
tive L.E. preparations, when present, reverted to normal in all instances when 
hydralazine was withdrawn (Fig. 4). 
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DISCUSSION 


In recent years, a number of laboratory tests have been introduced in the 
field of connective tissue disease. The attempt is usually made to use these 
tests for a dual purpose, namely, as an aid in diagnosis and as a tool in the 
study of pathophysiologic processes. The data presented here indicate that 
the redox test may be a useful adjunct in the diagnosis and study of these 
diseases. Sinee the description of the L.E. cell by Hargraves and associates* 
many clinical syndromes have been identified as S.L.E., using the L.E. cell 
test as the principal criterion for diagnosis. 


100 
G0 
60 


#0 


£0 
O—O ON HYDRALAZINE 
2 |a—a AFTER DRUG WITHDRAWAL 


S <0 JO 
TIME /N MINUTES 


Fig. 4 Redox curve of 3 patients with hydralazine syndrome (17 determinations for each 
curve) before and after (2 to 11 days) hydralazine withdrawal. 
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In comparison to the L.K. cell test, the redox test is technically more diffi- 
cult to perform. Its use, therefore, solely as a diagnostic procedure in pa- 
tients with an established clinieal diagnosis of S.L.E. and positive LK. cell 
preparation does not seem warranted. However, it may be of diagnostic value 
in those patients who have a elinieal picture suggestive of S.L.E. but with 
negative LE. preparations. Further, it may aid in the differentiation of those 
patients with diffuse systemie rheumatoid disease with positive L.E. cell 
preparations. The redox test has an advantage in accuracy, in that the test 
results are determined speetrophotometrically and are, therefore, not subject 
to the variations of technique and interpretations of suspicious or abnormal 
cell morphology. As stated by the editors of the Eleventh Rheumatism Re- 
view, “The status of the L.E. cell in rheumatoid arthritis is confusing because 
of the varied methods employed in performing the test, and because there 
is not complete agreement as to the characteristics which identify the L.E. 
eell.”’ Much the same comment might be made in regard to specificity. Posi- 


tive L.E. cell preparations have been reported in penicillin sensitivity,’ gen- 
eralized moniliasis,” hydralazine syndrome,*'' diffuse systemie rheumatoid 
disease,'? multiple myeloma,'* pernicious anemia,'* discoid lupus erythematosus, 
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fungus contamination,'® Senear-Usher pemphigus,'’® miliary tuberculosis,‘ ** 
dermatitis herpetiformis,"* leukemia,'’® and reaction to hydantoin,”® as well 
as S.L.E. To the present time, the redox test has been found positive 
only in systemic lupus erythematosus (nonsteroid treated), in discoid lupus 
when there was evidence of dissemination, in patients with unelassified 
“febrile rheumatoid arthritis” whose clinical course was compatible with 
S.L.E., and in patients receiving hydralazine when symptoms of hydralazine 
reaction have developed. It would appear that a positive redox test is highly 
suggestive of S.L.E. Thus far, we have not encountered a patient who had 
untreated S8.L.E., positive L.E. cell preparations, and a negative redox test. 

The group of patients with unelassified “febrile rheumatoid arthritis” 
has been of particular interest. Application of the redox test has allowed 
division into two subgroups, those with a positive and those with a negative 
test. With respect. to the clinical picture there were no differentiating fea- 
tures. In 8 of 12 patients who had a positive test, the diagnosis of S.L.E. 
was established at a later date, whereas all patients with a negative test have 
remained unelassified, both with regard to laboratory studies and clinical 
course. 

As noted above, the redox test has also been found positive in patients 
receiving hydralazine, when symptoms of hydralazine reaction have developed. 
The significance of hydralazine reaction is not clearly defined. It has gen- 
erally been considered that the reaction appears only after prolonged drug 
administration and, therefore, differs in mechanism from the usual type of 
hypersensitivity reaction to drugs.*’-*> In our experience there was no con- 
sistent correlation of positive redox test to dosage or duration of therapy. 
Thus far, the positive redox test correlated best with the development of 
symptoms of hydralazine syndrome. The one patient with a positive test who 
had no symptoms had positive L.E. preparations. 

In further studies we have confirmed the observation that plasma from 
patients with systemic lupus erythematosus induces altered redox activity of 
normal leukocytes.’ Pilot studies indicate that this same alteration is induced 
in normal leukocytes by plasma from patients with the hydralazine syndrome. 
The altered redox activity of leukocytes, therefore, appears to be attributable 
to a plasma factor rather than to an intrinsie defect of the white cell. It is 
of interest that a similar plasma factor can be postulated in both a drug-in- 
duced state and a naturally occurring disease. Further study will be neces- 
sary to learn more about this factor in both conditions. 

Redox activity of leukocytes returns to normal when corticosteroids 
(cortisone, ACTH, hydrocortisone, prednisone, and prednisolone) are given to 
patients with S.L.E. or when hydralazine is withdrawn in patients with the 
hydralazine syndrome. Reversal of drug-induced abnormal redox activity to 
normal by factors other than drug withdrawal is now under study. 

The change in redox activity of leukocytes reflects a profound alteration 
in cell metabolie structure.’ At the present time the site and the reason for 
this alteration are not certain. As it is possible to induce this alteration in 
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normal leukocytes with the plasma of patients with S.L.E. and hydralazine 
syndrome, it will be of interest to attempt to isolate, identify, and further 
study this plasma factor and its effect on cells. 


SUMMARY 


The redox aetivity of leukocytes from 256 individuals has been studied. 
Depressed redox activity was found in 34. Abnormal activity was found in 
all of 14 cases of nonsteroid-treated typical systemic lupus erythematosus 
studied and in & additional patients with S.L.E. prior to definite diagnosis 
by currently acceptable methods. When positive redox tests were obtained in 
discoid lupus erythematosus, there were other data suggesting systemic in- 


volvement. In 4 of 13 “febrile rheumatoids,” a positive redox test was demon- 
strated. Thus far no other differentiating features in the clinical course or 
laboratory findings have developed in this group of patients. Five patients 
receiving hydralazine demonstrated altered redox activity as well as symp- 
toms of hydralazine reaction and/or positive L.E. preparations. 

It is suggested that depression of redox activity of leukocytes, a posi- 
tive redox test, may be specific for systemic lupus erythematosus and hydral- 
azine reaction, and could, therefore, serve as a useful laboratory adjunet in 
early diagnosis. 
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A MICROMETHOD OF EUGLOBULIN FIBRINOLYSIS IN PLASMA OF 
HUMAN SUBJECTS AND SMALL LABORATORY ANIMALS 


Aurrep L. Coptey, M.D., Steran M.D., AND 
JOSELIANE MARECHAL 
Paris, FRANCE, WARSAW, PoLAND, AND LONDON, ENGLAND 


HERE exists a need for a micromethod to determine fibrinolytic activity. 

In an attempt to develop such a method, the macromethod deseribed by 
Kowarzyk and Buluk' and particularly used by one of us** appeared to be 
suitable for adaptation to microvolumes. In this test the euglobulin fraction is 
precipitated by acetic acid and coagulated by ealeium chloride. Fibrinolysis 
times of these euglobulin coagulates are then determined. This communication 
presents comparisons of plasma euglobulin fibrinolysis in human subjects, rab- 
hits, guinea pigs, rats, and hamsters, using macro- and microvolumes of plasma. 


METHOD 


Fresh oxalated plasma (1 volume part 0.1 M ammonium oxalate and 9 volume parts 
blood) is obtained by centrifugation for 10 minutes at 1,500 r.p.m. In human subjects 
blood was drawn from the antecubital vein or the end phalanx of the finger, in which 
a large enough wound was inflicted to secure a free flow of blood. The blood was drawn 
from the ear vein and the heart of rabbits and from the heart of guinea pigs, rats, and 
hamsters. 


The two different procedures used are described in the following sections. 


A, Euglobulin Fibrinolysis in Human, Rabbit, Rat, and Hamster Plasma.—Tests in 
duplicate or triplicate are carried out as follows. To 0.05 ml, plasma in Pyrex tubes measur- 
ing 8 by 100 mm., add 0.9 ml, distilled water, containing 0.015 ml. of 1 per cent acetic 
acid. (The acidified water is prepared beforehand by mixing 90 ml. distilled H,O with 
1 ml. 1 per cent CH,COOH.) The pH, which should be determined, is approximately 5.2. 
After these tubes have been kept for 30 minutes in a refrigerator at +4° C., they are 
centrifuged for 5 minutes at 1,500 r.p.m. The tubes are emptied of the entire supernatant, 
then placed upside down on filter paper to drain.for about one minute, during which time 
the sediment adheres strongly to the wall of the tube. With the aid of a fine glass rod, 
the sediment is dissolved in 0.05 ml. borate solution of pH 9.0. which is composed of 9 
Gim. sodium chloride and 1 Gm, sodium borate in 1,000 ml, distilled water. The tubes are 
then placed in a water bath at 37° C, and, 3 to 5 minutes later, 0.05 ml. of 0.025 M eal- 
cium chloride is added to the tubes which are maintained at a constant temperature. A 
coagulate forms within a few minutes. With all other plasma volumes employed, the 
volumes of the different solutions have to be adjusted accordingly. The tubes are kept 
in the water bath and observed every 5 minutes in order to see when the coagulate dis- 
solves. 
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B. Euglobulin Fibrinolysis in Guinea Pig Plasma or Serum.—To 0.05 ml. of plasma or 
serum, 1.0 ml. of acidified water is added. The pH of the mixture is 5.4. After the tubes 
have been kept for 18 hours in a refrigerator at 4° C., they are centrifuged. The sedi- 
ment is then dissolved in 0.2 ml. borate solution and fibrinolysis is examined as soon as pos- 
sible in a system composed of 0.1 ml. euglobulin, 0.2 ml. borate solution, 0.1 ml. thrombin 
(10 units per milliliter), 0.4 ml, of 0.2 per cent fibrinogen. The bovine fibrinogen em- 
ployed is prepared by the method of Kekwick and associates and contains 96 per cent 
clottable nitrogen. With all other plasma volumes employed, the volumes of the different 
solutions have to be*adjusted accordingly. The tubes are kept in a water bath at 37° ©. 
and observed every 15 seconds, the lysis of the coagulate being noted. 


RESULTS 


Table I shows duplicate results of euglobulin fibrinolysis employing from 
0.5 to 0.02 ml. of human plasma from 4 healthy subjects. As can be seen, dupli- 
cate tests usually give rather close values of fibrinolysis time. Volumes of 0.02 
ml. cannot be recommended since, as is also shown in Table I, in some in- 
stances the euglobulin solution does not coagulate. In all our tests euglobulin 
fibrinolysis times were found from 130 to 240 minutes. 


TABLE [. EUGLOBULIN FIBRINOLYSIS IN DUPLICATE TESTS EMPLOYING VAKYING AMOUNTS OF 
HUMAN PLASMA 


FIBRINOLYSIS TIME (MINUTES 
IN HUMAN SUBJECTS 


B | © 
185 
175 185 
190 200 
195 200 
190 200 
185 200 
200 240 


225 


0.05 


0.02 


*Euglobulin solution did not coagulate. 


TABLE II. COMPARISON OF EUGLOBULIN FIBRINOLYSIS IN PLASMA SkEcUKED FROM 
VENOUS AND CAPILLARY BLOOD 


| FIBRINOLYSIS TIME (MINUTES 

PLASMA | IN HUMAN SUBJECTS 

(ML. ) | | VI 
0.5 py 245 22% 20. 160 
0.05 9; 34 2 32: 180 


“BLOOD 


Venous 


Capillary 0.05 22 { 24! 205 2: 150 


In Table II a comparison is given of fibrinolysis values in the plasma se- 


eured from the venous and capillary blood of 6 normal human subjects. As 
“an be seen, there is no significant difference in fibrinolysis times between so 
called ‘‘eapillary’’ blood secured from the finger tip and venous blood. 


(ML. ) | TUBE A | | 

0.5 1 175 185 3 
2 185 195 ; 
0.3 1 170 185 ; 
2 180 190 
0.2 1 165 170 
2 175 185 : 
0.1 180 185 
2 170 190 = 170 
170 190 235 150 
2 175 185 200 150 
. 135 130 
2 145 135 : 
| 
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In the rabbit both macro- and microvolumes were found to be applicable 
only if the following procedure is carried out. The centrifuged sediment is in- 
cubated in borate solution for about 2 hours in the refrigerator; otherwise, it 
does not dissolve readily in the borate solution. Using this modification, the 
lysis time employing varying volumes of plasma (shown in Table III) was 
found to be not as constant as with human or hamster plasma. 


IIT. Time ix Tests EMPLOYING VARYING VOLUMES OF 
RABBIT PLASMA 


PLABMA l ~ FIBRINOLYSIS TIME (HOURS) IN RABBITS — 

(ML. ) I ou m | vu 
0.5 4.4 5.0 4.2 4.6 6.3 IC 3.8 6.3 
0.3 5.9 6.2 6.5 IC 3.3 5.8 6.1 4.7 
0.2 3.8 4.5 6.5 1C 6.5 IC 3.8 6.3 1C 3.2 
| 5.9 3.9 4.0 3.3 3.1 3.8 4.8 
0.05 4.3 4.5 3.2 4.5 3.1 5.1 5.1 
0.02 4.3 3.2 3.2 4.2 1.1 3.1 4.0 
Ic Incomplete lysis; in all these instances, complete lysis was found after 21 hours. 


In Table IV plasma euglobulin fibrinolysis employing 0.05 ml. plasma se- 
cured from blood drawn on different days from the hamster’s heart shows that 
there is no significant difference in values. Not shown in Table IV are tests 
using varying volumes of 0.3, 0.1, 0.05, 0.03, and 0.01 ml. With the exception 
of the latter volume, all others exhibited similar fibrinolysis times. In the tests 
employing 0.01 ml. plasma, the euglobulin solution did not coagulate. Eu- 
globulin fibrinolysis times varied from 75 to 140 minutes. 


TABLE IV. 


EUGLOBULIN FIBRINOLYSIS MICROTESTS EMPLOYING PLASMA SECURED FROM BLOOD 
DRAWN ON DIFFERENT Days FROM THE HAMSTER’S HEART 


l FIBRINOLYSIS TIME IN MINUTES 


HAMSTER \UGUST 24 | AUGUST 26 
I 115 105 
II 115 120 
Il 125 115 


125 


Our findings with guinea pig plasma showed that the euglobulin solution 
does not coagulate. Guinea pig euglobulins show potent fibrinolytic activity, 
which suggests that their own fibrinogen is readily digested. This activity may 
be determined after the addition of thrombin and fibrinogen preparations to 
the euglobulin solution. 

Table V shows the results of serum euglobulin fibrinolysis of 4 healthy and 
fasting guinea pigs. Volumes from 0.5 to 0.05 ml. guinea pig serum were em- 
ployed. When guinea pig plasma is used instead, no significant difference in 
values has been obtained. For this animal, therefore, serum, which is more con- 


venient for practical reasons, can be used instead of plasma. 

The euglobulin fibrinolysis method cannot be recommended for testing rat 
plasma. The coagulates formed from rat plasma euglobulins are very resistant 
to fibrinolysis, since lysis times varied from 12 to 48 hours and more. 
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Since we found the use of 0.05 ml. plasma adequate in order to obtain re- 
sults similar to those acquired with 0.5 ml. we adopted the 0.05 ml. plasma 
sample for the micromethod. If volumes of 0.02 ml. or even 0.01 ml. were used, 
the lysis times, wherever the euglobulin solutions could be coagulated, differed 
often from those obtained with the 0.05 ml. volume. 


TABLE V. EUGLOBULIN FIBRINOLYSIS TESTS EMPLOYING VARYING VOLUMES OF 
GUINEA Pig SERUM 


FIBRINOLYSIS TIME (SECONDS) IN GUINEA PIGS 


615 
690 
750 
0.05 57 615 


DISCUSSION 

Kopee and Niewiarowski,' using the macromethod, found the normal 
fibrinolysis time for human subjects to be 219 minutes + 5 minutes with a 
standard deviation + 61 minutes. According to these authors, the fibrinolysis 
time in the euglobulin plasma fraction is influenced by many factors, such as the 
concentrations of fibrinolytie enzymes and fibrinogen, the pH with an optimum 
of 7.6, temperature, and the time interval elapsing between the collection of 
blood and the preparation of euglobulins. In normal subjeets, this time interval 
does not appear to be significant. However, if fibrinolysis is activated, the blood 
samples should be preserved in an ice-water bath or the determination should be 
made immediately. Therefore, all tests were run directly after the blood was 
secured. 

From observations by Milstone® and by Macfarlane and Biggs’ it is well 
known that plasminogen is a chief component of the euglobulin fraction. How 
ever, the euglobulins are not completely free from antiplasmin and M. Nie- 
wiarowska found that the antiplasmin level influences the fibrinolysis time." 
Also the activation of fibrinolytic enzymes in euglobulins is influenced by 
coagulation." * 

Although fibrinolysis in euglobulin and whole plasma does not always run 
parallel, as shown for instance by Ratnoff, 7” fibrinolysis of the euglobulin frae- 
tion appears to be affeeted by factors similar to those in fibrinolysis of whole 
plasma in accordance with findings by Kopee and Niewiarowski' and Niewiar- 
owska." Ilowever, as experienced by these authors, the euglobulin method ap- 
pears to be more sensitive and to give more consistent results than methods em- 
ploying whole plasma. The euglobulin method can also be extended to the study 
of fibrinolysis in other animals. 

Subsequent to these observations the reason for the failure of formation of 
a coagulate of guinea pig euglobulin has been found in studies of the fibrinolytic 
system in the guinea pig by Latallo, Niewiarowski, and Copley.” It was found 
that guinea pig plasma contains a plasmin-antiplasmin complex, which dis- 
sociates readily after dilution at pH 5.3 and that the euglobulin fraction 


( Iv 

510 

510 

570 


472 COPLEY, NIEWIAROWSKI, AND MARBCHAL J. Lab, & Clin. Med. 
contains plasmin of very high potency. Fibrinolytie activity could be deter- 
mined if small amounts (0.05 ml.) of guinea pig serum or plasma were used 
to precipitate the euglobulin fraction to which standard fibrinogen and throm- 
bin solutions were added. 

The euglobulin macromethod was widely used to examine fibrinolysis in 


human plasma in physiologic, as well as in various pathologie conditions in pa- 
tients and, experimentally, in animals.* 


The application of the euglobulin fibrinolysis micromethod may prove to 
be useful in experimental studies with small laboratory animals'* and by the 
use of subcutaneous capillary blood in clinical investigations of various patho- 
logic conditions in children and in adults where venous blood withdrawal may 
be difficult. 

SUMMARY 


1. A micromethod employing 0.05 ml. ammonium oxalate plasma for eu- 
globulin fibrinolysis was found to give consistent results in venous and capillary 
blood of human subjects and of the hamster’s heart blood. The method rep- 
resents an adaptation of a macromethod for the euglobulin fibrinolysis of 
Kowarzyk and Buluk. 

2. The plasma euglobulin fibrinolysis times in healthy human subjects, 
using the micromethod, ranged from 150 to 245 minutes and in normal ham- 
sters from 75 to 140 minutes. 


3. The standardized euglobulin fibrinolysis test is not applicable to guinea 


pig plasma, sinee it constitutes a highly fibrinolytic system and appears to be 
activated during precipitation of the euglobulin fraction. Findings with a 
modification of the standard procedure, employing fibrinogen and thrombin 
solutions, are presented. 


4. In normal rabbits, the method does not appear to be entirely satisfactory 
with regard to consistency of results. 


5. The plasma euglobulin method is not recommended for rat plasma, be- 
eause of the very low fibrinolytic activity found in this animal. 


6. Plasma euglobulin fibrinolysis is diseussed in connection with findings of 
the Polish investigators who introduced the macromethod. 
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THE PHOTOMETRIC DETERMINATION OF THE SIALIC 
(N-ACETYLNEURAMINIC) ACID DISTRIBUTION 
IN CEREBROSPINAL FLUID 


ABRAHAM SAIrER, M.S., AND Harotp A. B.S. 
BrooKLyN, N. Y. 


EURAMINIC acid, a complex amino acid sugar (its acetylated derivatives 

designated as sialic acid), is a functional group of many glycoproteins 
and glycolipids found in a variety of biologie fluids and tissues.’ Its im- 
portance in neurologie problems is shown by the faet that it constitutes an 
integral part of the ‘‘gangliosides’’ which are complex lipids found in brain 
tissue.’ These gangliosides have been found to be inereased in certain 
neurologie conditions, including Niemann-Pick disease and amaurotie familial 
idioey (A.F.I.). In some instances they completely displace the normal cere- 
brosides and phospholipids of brain gray matter.® 7 

A number of investigators*' have shown that N-acetylneuraminie acid 
is present in blood serum in such tightly bound combination with proteins that 
it is both nondialyzable and completely precipitable with trichloroacetic acid. 
The presence of sialie acid in cerebrospinal fluid (C.S.F.) has been demon- 
strated by Roboz and associates'® ™ and by Uzman and Rumley.'* However, 
the latter investigators showed that in the C.S.F. 60 to 80 per cent was present 
in a form which was dialyzable and not precipitable with trichloroacetic acid. 
Both groups of investigators employed methods which required large amounts 
(2 to 6 ml.) of C.S.F. for each analysis and use the relatively insensitive and 
nonspecifie oreinol reaction for the colorimetric determination of its sialie acid 
content. The results reported by these experimenters'*"* for individual cases 
held forth the promise that the C.S.F. might be expeeted to reflect certain 
pathologie disorders of the central nervous system to a greater extent than 
would the serum.’® It was in order to test this hypothesis that the sensitive 
and specific diphenylamine reaction," previously employed for serum analysis 
in our laboratory,'® '* was adapted to the quantitative determination of total 
sialic acid (TSA), protein-bound sialie acid, and the nonprotein-bound sialie 
acid, by difference, in cerebrospinal fluid. The method, as finally evolved, re- 
quires only 1.5 ml. of C.S.F. for the sialic acid determinations as well as for 
the total protein (TP) content. 

The present paper deals with the results obtained with these procedures 
for the C.S.F. from a large number of patients with various neurologie dis- 
eases as well as for a control group of nonneurologie cases. In a number of 
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instances, sialic acid values were determined for both serum and C.S.F. 
drawn simultaneously from the same individual. Evidence is presented for 
the possible diagnostic usefulness of such determinations in various neurologic 
diseases with special reference to amaurotie familial idiocy and related dis- 
orders. 
METHODS 
A. Reagents and Apparatus.— 


1. Sodium chloride: 0.85 per cent solution. 
2. Sodium hydroxide: 10 N solution. 


3. Biuret reagent (modified after Gornall and associates!®): In a liter volumetric 
flask containing about 500 ml. of distilled water, place 3.0 Gm. of CuSO,7 H,O and 12 
Gm. of sodium potassium tartrate (Rochelle salt); shake until dissolved. Then, with shaking, 
add 300 ml. of 2.5 N NaOH. Add 2 Gm. KI, shake until dissolved, and dilute to volume 
with distilled water. 


4. Total protein standard: Reconstitute a prepared serum standard, e.g., Versatol,* 
with 5.0 ml. of a solution composed of 10 per cent NaCl plus 1.0 per cent of disodium 
ethylenediaminetetraacetic acid. Refer to manufacturer’s chart for protein content. Dilute 
1.0 ml. to 100 ml. with 0.85 per cent NaCl in a volumetric flask. Keep refrigerated when 
not in use and discard when cloudy. 

5. Trichloroacetie acid (TCA): 5.0, 7.5, and 10 per cent solutions were prepared by 
dilution from a 90 per cent stock solution. 

6. Diphenylamine (DPA) reagent (1.0 per cent): Reerystallize diphenylamine twice 
from hot ethanol to remove impurities, Dissolve 1.0 Gm. in a mixture of 90 ml. of glacial 
acetic acid plus 10 ml. of concentrated sulfuric acid. 

7. Sialic (N-acetylneuraminie) acid standard. A purified orosomucoid protein sample 
was prepared from outdated blood bank plasma by the procedure by Weimer and associates.?° 
This preparation has a reported sialic acid content of about 11.2 per cent and was checked 
against a reference sample supplied by Dr. R. J. Winzler. For a 10 mg. per cent standard, 
dissolve 8.9 mg. of the orosomucoid preparation in 10 ml, of distilled water. Five and 2.5 
mg. per cent standards were then prepared by dilution from this solution. The 10 mg. 
per cent standard solution will remain stable for about one week if kept frozen between runs. 

8. Absolute ethyl alcohol. 


%. Evaporation caps to fit 13 by 125 mm. Pyrex tubes.{ 


B. Determination of Total Protein Content of Cerebrospinal Fluid.—Pipette 1.0 ml. 
of C.S.F, samples into small test tubes calibrated at 2.0 ml. Add 1.0 ml. of 10 per cent TCA 
to each tube, and let stand at room temperature for 15 minutes. Centrifuge precipitates at 
3,000 r.p.m. for 10 minutes. Decant off supernatant fluids and dissolve precipitates in one 
drop of 10 N NaOH by shaking tubes until precipitates are dissolved. Add 1.0 ml. of biuret 
reagent, and dilute to 2.0 ml. mark with 0.85 per cent NaCl solution. Mix well, let stand 
for 20 minutes, and read in a spectrophotometer at 530 mg, or in a Klett-Summerson color 
imeter, in a flat-bottom colorimeter tube, with a No. 54 filter against a saline blank (1.0 ml. 
0.85 per cent NaCl plus 1.0 ml. biuret reagent) which has been set at zero. The TP 
standards are run simultaneously and in exactly the same manner as were the C.8.F. samples. 


O.D. unknown 


Calculations: Total protein (C.8.F.) mg. per cent 


x total protein 
standard (mg. per cent). 


C, Determination of Total Sialic Acid (TSA) Content of Cerebrospinal Fluid.—Pipette 
0.5 ml. of C.S8.F. samples into 15 ml. centrifuge tubes. Add 1.0 ml. of 7.5 per cent TCA 


to each tube. Mix and cover tubes with glass evaporation caps. Heat tubes in a boiling 


*Versato. is sold by Warner-Chilcott Laboratories, Morris Plains, N. J. 
‘Obtainab’e from Kopp Laboratory Supplies, 70-13 35th Rd., Queens 72, N. Y. 
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water bath for 15 minutes. Cool tubes in cold tap water and centrifuge precipitates* at 
3,000 r.p.m. for 10 minutes. Pipette 1.0 ml. aliquots of the supernatant fluid into 13 by 125 
mm, test tubes. Add 2.0 ml. of the DPA reagent and mix. Cover each tube with an evapora- 
tion cap and place in a boiling water bath for 30 minutes. Cool to room temperature in a cold 
water bath. A reagent blank (0.5 ml. water) and 0.5 ml. aliquots of 5 mg. per cent and 
10 mg. per cent SA standards, in duplicate, are carried through exactly the same procedure 
as are the C.S.F. samples. The optical density values of the unknowns and standards are 
then read in a spectrophotometer at 530 my (or in a Klett photoelectric colorimeter with 
a No. 54 filter) against a reagent blank set at zero. 

O.D. unknown 

“OD. standard * 19-0 (or 5.0). 
Since the color reaction deviates from Beer’s law, the standard used in making the caleula- 
tions should be that which is closest to the unknown. 


Calewations: Total sialic acid (C.S.F.) mg. per cent = 


D, Determination of Protein-Bound Sialic (N-Acetylneuraminic) Acid Content of 
Cerebrospinal Fluid.—Into 15 ml. centrifuge tubes pipette 1.0 ml. aliquots of the C.S.F. 
and add to each tube 4.0 ml. of absolute aleohol. Mix contents and place tubes in a 65° C. 
water bath for 20 minutes. Cool tubes to room temperature in cold tap water and centrifuge 
at 3,000 r.p.m. for 10 minutes. Decant off supernatant fluid as completely as possible and 
break up precipitates by tapping bottom of the tube. Dry the precipitates by placing 
tubes in a boiling water bath until no aleohol odor can be detected. Add 1.5 ml. of 5.0 
per cent TCA to each tube containing the alcohol precipitates. Pipette, in duplicate, into 
15 ml. centrifuge tubes 0.5 ml. of distilled water (for reagent blank) and 0.5 ml. of 2.5 
and 5.0 mg. per cent SA standards. Add 1.0 ml. of 7.5 per cent TCA to blank and standard 
tubes only. Mix and cover mouths of all tubes with evaporation caps. Heat all tubes in 
a boiling water bath for exactly 15 minutes. Cool tubes to room temperature in cold tap 
water and centrifuge at 3,000 r.p.m. for 10 minutes. Pipette 1.0 ml. aliquots of the 
supernatant fluid into 13 by 125 mm. test tubes. Add 2.0 ml. of DPA reagent and mix. 
The remainder of the procedure is exactly as deseribed for the TNA determination in the 
preceding paragraph (C). 

O.D. unknown 


Calewlations: Protein-bound sialic acid (mg. per cent) O.D. standard 


(or 1.25). 


E. Total Protein and Total Protein-Bound, and Nonprotein-Bound Sialic Acid Content 
of the Cerebrospinal Fluid of Patients With Various Neurologic Diseases.—C.8.F. was ob- 
tained by lumbar puncture from patients with a wide variety of neurologic and nonneurologic 
diseases. Bloody fluids and those with high cell counts were eliminated from these studies 
and all fluids were centrifuged prior to analysis. The total protein and total, protein-bound, 
and nonprotein-bound sialic acid values were then determined for each individual sample, 
usually in duplicate, by means of the procedures described above. In a number of instances 
serum total sialic acid and globulin sialic acid values were obtained by previously published 
procedures!?, 18 on blood samples drawn simultaneously with the C.S.F. 


F. Determination of ‘‘Nondialyzable’’ Protein-Bound Sialic (N-Acetylnewraminic) 
Acid Content of Cerebrospinal Fluid.—Six pooled samples of C.S.F. were analyzed, in dupli- 
cate, for their protein-bound sialic acid content with the procedure described before in 
Paragraph D. Five milliliter aliquots of each of the 6 pooled samples were placed in 
cellophane bags and dialyzed for 16 hours in cold, running tap water in order to remove 
any nonprotein-bound sialic acid from the fluids. The contents of the bags were transferred 
to 5.0 ml. ealibrated tubes and, after the addition of eonecentrated salt solution so as to 
give a final concentration of 0.9 per cent NaCl, adjusted to their original volume with 
water. This ‘‘nondialyzable’’ protein-containing C.S.F. fraction was then analyzed, in 


*To conserve C.S.F., the dried precipitates obtained in this step can be dissolved in one 
drop of 10 N NaOH with shaking; the remainder of the procedure is carried out as described 
above for the T.P. determination except that the results are multiplied by 2. 
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duplicate, for its sialic acid with the procedure described in Paragraph C, except that 1.0 
ml. aliquots were used. The results obtained in these runs are given in Table I together 
with the original total sialic acid values of each pooled sample. 


TABLE I. COMPARISON OF PROTEIN-BOUND Acip VALUES OBTAINED WITH ALCOHOL 
PRECIPITABLE FRACTION (AT 65°) AND WITH THE ‘‘ NONDIALYZABLE’’ FRACTIONS 
OF THE SAME CEREBROSPINAL FLULD SAMPLES 


ACID (ALCOHOL PRE- ACID (‘‘ NONDIAYZ- 
TOTAL SIALIC ACID | CIPITABLE FRACTION ) ABLE’’ FRACTION ) 
SAMPLE NO. (mG. %) (MG. %) 
6.9 
8.9 
6.8 


PROTEIN-BOUND SIALIC | PROTEIN-BOUND SIALIC_ 


5. 
10. 
6. 


RESULTS 

For the patient control group, ‘‘presumed’’ normal cerebrospinal fluids 
were selected mainly from among nonneurologie cases having TP values be- 
tween 20 to 45 mg. per cent. The mean value of 29.0 + 1.6 obtained for this 
control group (Table II) is considerably lower than the value of 37.5 + 1.2 
previously reported from this laboratory.'® However, the TP values were ob- 
tained by application of the biuret color reaction to the proteins precipitated 
by 5 per cent trichloroacetic acid. Some biuret-reaecting glycoproteins and 
polypeptides are not precipitated in strongly acidie solutions’ ' and, in part, 
the decreased values may be due to the elimination of the faint turbidity 
which occurs upon the addition of many biuret reagents directly to the C.S.F.*' 
Consequently the mean C.S.F. total protein value for the amaurotie familial 
idiocy group, i.e., 37.3 + 3.2 mg. per cent with this modified procedure, is also 
lower than that reported in our previous paper," i.e., 41.7 + 2.5 mg. per cent. 

As can be seen from the statistical data in Table II, both Group A (vaseu- 
lar diseases of the central nervous system) and Group B (demyelinating dis- 
eases) have somewhat elevated TP values, whereas Group D (cases with 
extensive brain damage) exhibits markedly elevated C.S.F. total protein 
values. These groups were included in this study in order to permit an in- 
vestigation of the C.S.F. sialic acid distribution over a wide range of TP 
values and the inclusion of many different types of neurologic disorders. In 
agreement with the reported results of Uzman and Rumley™ in 49 samples 
of human C.S.F., those obtained in this study for the 46 cases in Groups A, 
B, C, and E show that 60 to 80 per cent is present in a form which is not 
bound by the C.S.F. proteins. Group D, the high TP group, shows only 40 
to 70 per cent of the total sialic acid present to be in an unbound state. 

The mean C.S.F. total sialie acid for the control group, i.e., 5.1 + 0.8 mg. 
per cent obtained with the diphenylamine method, is markedly increased over 
the range of 1.1 to 3.4 mg. per cent reported by Uzman and Rumley"™ with 
the orcinol procedure of Béhm and associates.** A similar difference of values 
for serum total sialie acid has also been found between the two procedures, 


4 7 0.9 1.0 

5 5 1.6 1.6 

_6 2 is 1.2 
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i.c., 44 to 50 mg. per cent for the orcinol method** and 74 to 81 mg. per cent 
for the diphenylamine.'* '* Since the high order of specificity of the dipheny]- 
amine reaction for 2-desoxyhexoses and hexals has been stressed by several 
investigators,’® ** the difference in the results reported between the two pro- 
cedures might either be due to the lesser specificity, or sensitivity, of the 
orecinol reagent or to the presence of unknown diphenylamine-reacting sub- 
stances in both serum and C.S.F. In any event, significantly lower values 
for the C.S.F. total sialic acid are obtained for Group C, the amaurotice familial 
idiocy cases, whereas values almost twice the normal mean have been ob- 
tained for such disorders as amyotrophic lateral sclerosis, Parkinson’s disease, 
and cerebral thrombosis, although the TP results are still in the normal range. 


{000 - Control Group ( 15) 

] A.F.|. or TAY-SACHS Disease (12) 
700 Vascular Diseases of C.N.S (11) 
Demyelinating Diseases (8) 
500 Miscellaneous Group (11 
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Fig. 1.—Variation of TSA/TP percentage ratio with increasing TP concentration of the 

The relationship between the total sialie acid (TSA) and total protein 
(TP) of the C.S.F. for the 57 individual cases studied is illustrated graphically 
in Fig. 1 where the data are presented as a log-log plot of TP against TSA/TP 
ratio values. If the TSA/TP results varied in a manner exponential to the 
log of the TP values, then most of the points should fall along, or be adjacent 
to, the dotted line. While there is a general trend in the direction of lower 
TSA/TP ratios with higher TP values for most of the values, there are two 
notable exceptions among the groups of neurologic cases investigated. For 
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Group D, with extensive brain damage and high protein values, there is an 
increase in the total sialic acid that is disproportionate to that of the TP so 
that most points in this group lie above the line. In at least one instance the 
TSA/TP value approaches 1.0 per cent, the approximate relationship of 
the TSA/TP ratio in normal serum. Conversely, there appears to be a de- 
crease in the total sialie acid in relation to the TP for the amaurotic familial 
idioey group (Group ©), many of the points falling into a definite region be- 
low the line (ef. Fig. 1, boxed area). The decrease in total sialic acid found 
in this disease is primarily due to the lower nonprotein-bound sialie acid values 
(see Table II). 

The mean value of 1.2 + 0.07 mg. per cent obtained for the protein-bound 
sialic acid fraction of the C.S.F. with the diphenylamine procedure is again 
considerably elevated above that found for the trichloroacetic acid precipitable 
fraction by Roboz and associates,’* of 0.24 + 0.3 mg. per cent. In a later 
publication Roboz and co-workers'® employed alcohol precipitation at 4° C. 
for 24 hours as an improved procedure for protein precipitation from the 
C.S.F., requiring only 2.0 ml. per determination, prior to the application of 
the orcinol method for the determination of this fraction. They also reported 
increased protein-bound sialie acid levels in C.S.F. of patients with various 
neurologic disorders and the same normal value with alcohol precipitation 
as they had obtained with trichloroacetic acid precipitation. Uzman and 
Rumley' give a few individual values from which the protein-bound sialic 
acid obtained with trichloroacetic acid precipitation ean be compared with 
the values obtained after dialysis for the same spinal fluids. The acid-precipi- 
tated protein-bound sialie acid varies from 0.22 to 0.47 mg. per cent whereas 
that found for the nondialyzable fraction varied from 0.45 to 0.81 mg. per cent 
for the same fluids. These findings have been confirmed in our laboratory and 
led us to question the completeness of protein precipitation by cold aleohol 
(4° (.) as a necessary step for the quantitative determination of the protein- 
bound sialic acid. It was found experimentally that only aleohol precipita- 
tion with heat at 65° C. for 30 minutes, as suggested by Siidhof and associ- 
ates,** gave results for C.S.F. protein-bound sialie acid that were comparable 
to those obtained with the nondialyzable protein fraction (see Table I). The 
procedure for the determination of this fraction, as described here, is less 
time eonsuming than those previously proposed and requires only 1.0 ml. 
of C.S.F. per determination. 

Examination of the statistical data in Table If shows that there is a 
significant decrease in the protein-bound sialie acid values for Group C 
(amaurotie familial idiocy) as compared to controls. Only one case out of 
12 in this group gave a value in excess of 1.0 mg. per cent. Markedly in- 
creased C.S.F. protein-bound sialic acid results are seen principally in patients 
of Group A, e.g., parkinsonism and cerebrovascular disorders. 

The results given in Table IIT show some of the individual data obtained 
in various neurologic conditions in which the distribution of the sialie acid 
was studied simultaneously in C.S.F. and serum. The serum results again 
illustrate the unusually high values of the globulin sialic acid/total sialic acid 
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percentage ratio found in amaurotie familial idiocy as compared to most other 
neurologic diseases."* These results also illustrate the wide range of values 
for total sialie acid, TSA/TP (per cent), and protein-bound and nonprotein- 
bound sialie acid which are found in pathologie spinal fluids. Again the cases 
of amaurotie familial idiocy, as a group (Table IL), show significant decreases 
in the TSA/TP ratio and in the protein-bound sialie acid values of the C.S.F. 
as compared to other neurologic disorders which may aid in the diagnosis 
and in the elucidation of the nature of this invariably fatal childhood disease. 


TABLE III. InptvipvaL Data oF BoTH CEREBROSPINAL FLUID AND SERUM SIALIC 
DISTRIBUTION LEVELS IN PATIENTS WITH VARIOUS NEUROLOGIC DISEASES 


AcIp 


CEREBROSPINAL FLUID | SERUM 
"TP | TSA | PBSA |NPBSA| TSA | GSA | 
(ma. | (ma. | (ma. | (Ma, | TSA | (MG. | (MG, | GSA 
PATIENT DIAGNOSIS Jo) | J) | | % ) %) TP Jo\ %) %) \TSA% 
1. 8.B. Cerebral palsy 34.5 48 0.8 4.0 13.9 81.7 568 69.5 
2.8.L. Cerebral vaseular dis- 
ease with hemiplegia 47.7 ye 0) 5.2 14.0 768 43.6 56.7 
Postpolio 23.9 5.4 1.8 3.6 22.6 87.3 54.5 62.4 
4. B.E. Amyotrophic lateral 
sclerosis 43.0 12.4 10.7 28.8 — 
5. J.B. Multiple sclerosis 44.2 72 1.0 62 164 82.4 46.7 56.7 
6. L. W. Spina bifida 101.0 49 2.8 2.1 4.9 - 
7. N.E. Hydrocephalus, con- 
genital 99.0 116 48 68 117 
8. C raniopharyngioma 138.0 48 2.6 2.2 3.5 
9. J.M. Schilder’s disease 55.5 4.5 0.9 3.6 8.1 97.6 67.4 69.0 
10. B.S. Niemann-Pick disease 213.0 5.9 2.4 3.5 3.0 61.4 26.5 59.0 
11. 8.8. A.F.I., infantile 25.0 3.2 0.8 2.4 12.7 101.0 67.4. 67.0 
A. infantile 42.8 5.2 0.8 44 12.1 101.0 67.8 67.1 
13. H.D. A.F.I., infantile 47.5 4.1 1.1 3.0 8.6 107.0 74.6 69.7 
14. K.8. A.F.I., infantile 45.2 3.4 0.9 2.5 7.6 108.2 68.0 63.0 
15. L.D. A.F-.I., juvenile 30.9 5.4 0.7 4.7 17.3 68.8 43.1 62.7 
16. B.S. Normal 42.8 4.8 1.3 3.5 11.1 61.7 33.7 54.6 
Key to abbreviations: TP total protein; TSA total sialic acid; PBSA protein- 
bound sialic acid; NPBSA nonprotein-bound sialic acid; GSA globulin sialic acid. 


DISCUSSION 
Studies of spinal fluid sialie acid distribution as applied to specimens ob- 
tained from individual patients have been few in number'*"* because of the 
lack of adequate quantitative methods requiring but small amounts of C.S.F. 
It was for this reason that the diphenylamine colorimetric reaction for serum 
sialic (or N-acetylneuraminic) acid previously published'® ** was employed 
in this investigation of the total, protein-bound, and nonprotein-bound sialic 
acid in C.S.F. Careful investigation of the characteristie purple dipheny!- 
amine color in serum by Hess and associates'® has shown it to be characteristic 
of a 2-desoxyhexose, or hexal, structure and that this strueture, or a common 
derivative of it, accounts for the adsorption maxima at 520 mp. A desoxyke- 
tose structure in neuraminie acid (or its derivatives), as proposed by Gotts- 
chalk,* *° would also account for the color reaction of these substances with 
the diphenylamine reagent. Optical density measurements at or near this 
wave length of the diphenylamine color of the C.S.F. were, therefore, as- 
sumed to be a quantitative measure of their sialic acid content. The kind 
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of sialic acid present in most biologic substances in which it is firmly bound 
to proteins is believed to be N-acetylneuraminie acid.” ** However, the na- 
ture of the neuraminic acid derivative present in C.S.F. which is dialyzable, 
and not bound to protein, has not as yet been established although it consti- 
tutes 60 to 80 per cent of the total sialic acid of this important biologie fluid." 

This investigation was undertaken in the belief that quantitative determi- 
nations of the sialie acid content of the C.S.F. would not only give diagnostic 
information but might also provide a clearer insight into the mechanism by 
which large amounts of sialie acid-containing gangliosides are deposited in 
brain gray matter in some lipoidoses. 


SUMMARY 


1. Methods are presented for the quantitative determination of the total 
sialic acid (TSA), protein-bound sialie acid, and nonprotein-bound sialic acid 
of the cerebrospinal fluid (C.S.F.) which require a total of 1.5 ml. of fluid, 
inclusive of the total protein (TP). 

2. The colorimetric measurements are based on the relatively specifie and 
sensitive diphenylamine (DPA) reaction which previously had been applied 
only to serum. Complete separation of the protein-bound from the non- 
protein-bound sialie acid is achieved by use of aleohol precipitation with heat 
(30 min. at 65° C.). 

3. Individual values were obtained for the C.S.F. of 42 patients with 
various neurologie diseases, as well as for a control group of 15 nonneurologie 
cases with normal TP values. Contrary to the findings in serum or tissues, 60 
to 80 per cent of the TSA is present in a nonprotein-bound form. 

4. Log-log plots of TSA/TP versus TP show a general trend in the diree- 
tion of lower TSA/TP ratios with higher TP values for the control group 
(Group E) and for most neurologic conditions. Exceptions to this relation- 
ship were the cases with marked cerebral degeneration and high TP values, 
and the group of eases with amaurotie familial idiocy which showed highly 
significant differences by group statisties. 

5. The general pathologic and diagnostic significance of sialic acid is 
discussed. 
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THE EFFECT OF UREA ON CEREBROSPINAL FLUID PRESSURE 
IN MONKEYS BEFORE AND AFTER BILATERAL 
NEPHRECTOMY 


Manucuer M.D., JoN ANbERSON, M.S. 
Maptson, WIs. 


ANY hypertonic solutions have been used for reduction of cerebrospinal 

fluid pressure sinee the original work of Weed and McKibben.' Their un- 
desirable features have markedly limited their use. The possibility of clinical 
application of urea was suggested by Fremont-Smith and Forbes in 1927*; how- 
ever, their suggestion was not followed until 1954 when Javid and Settlage 
administered urea to human subjects. More than 350 patients have received 
this agent for reduction of intracranial or intraocular pressure.* ° About one 
hundred studies have been carried out in Rhesus monkeys.® The efficacy of 
urea has been compared with other hypertonie solutions as well as mereury and 
Diamox (acetazoleamide). Urea was found to be superior in effectiveness with- 
out producing adverse reactions. These findings added impetus in earrying 
out the following experiments. 

The osmotie effect of hypertonic solutions and the inverse relationship be- 
tween cerebrospinal fluid pressure and urinary output are well known.’  Ex- 
perience with urea substantiates this point.*'° There is evidence that this re- 
duction is presumably due to osmotic pressure change although it is possible 
that other factors are involved. The exact mechanism of action seems more 
complicated.'! To determine the diuretic role of urea in lowering cerebrospinal 
fluid pressure, we investigated the effect of urea and other hypertonie agents 
in monkeys before and following nephrectomy. 


MATERIALS AND METHODS 


Five female Rhesus monkeys (Macaca mulatta) weighing 1.80 to 6.25 kilograms were 
the subjects. The animals were anesthetized with intramuscular pentobarbital, 42 mg. per 
kilogram body weight initial dose, and placed in a prone position. A cisternal needle 
was connected to a specially built open-end manometer consisting of polyethylene tubing 
(No, 100), Cerebrospinal fluid pressures were recorded every 5 minutes for 8 to 71 
hours. Three monkeys received urea in 30 per cent concentration and 1 monkey sucrose 
in 50 per cent concentration; 1 received 50 per cent dextrose before and after nephrec- 
tomy followed by other hypertonic solutions. These solutions were given on an equimolar 
basis with one gram urea per kilogram body weight. A predetermined precise amount of 
urea, sucrose, and glucose was injected intravenously in divided doses every 30 seconds, 
in the course of 30 minutes to individual animals. In one study the duration of injection 
was 60 minutes. Rapid administration was also carried out as indicated in the figures. 
wi From the Department of Neurosurgery, University of Wisconsin Medical School, Madison, 
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RESULTS 

Fig. 1 demonstrates an inverse relationship between cerebrospinal fluid 
pressure and volume of urine excreted following the administration of urea 
before and after unilateral nephrectomy. 

It will be seen that maximum reduction of cerebrospinal fluid pressure 
corresponds with a maximum diuresis. However, the pressure drop is more 
pronounced and better sustained in the unilaterally nephreetomized monkey 
where diuresis is decreased. 
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Fig. 1.—Illustrated is the inverse relationship between cerebrospinal fluid pressure and 
urinary excretion, before and after unilateral nephrectomy, following administration of identi- 
cal amounts of urea (30 per cent) in Monkey 104. Lowest cerebrospinal fluid pressure corre- 
sponds with maximum diuresis, but pressure drop is greater and better sustained in unilaterally 
nephrectomized monkey. 


Fig. 2 shows the effect of urea when bilateral nephrectomy was done simul- 
taneously. It can be seen that fall in cerebrospinal fluid pressure following 
nephrectomy was greater and more sustained. This monkey tolerated bilateral 
nephrectomy and was alert for 3 days, then failed rapidly and died on the 
fourth postoperative day. 

In Fig. 3 the cerebrospinal fluid pressure changes following unilateral and 
bilateral nephrectomy are compared with the pressure before nephrectomy. It 
will be noted that pressure drop following unilateral nephrectomy is greater 
than in the normal animal and the drop is still greater after bilateral nephree- 
tomy. At the twenty-eighth hour after the beginning of the experiment, a 
similar amount of urea was administered again. The pressure dropped 
promptly and reached -80 mm. H.O one hour after completion of urea admin- 
istration. The animal was sacrificed 30 minutes later. Blood urea nitrogen 
was 182 mg. per 100 ml., cerebrospinal fluid urea nitrogen was 125 mg. per 100 
ml. It is significant that, even in this bilaterally nephrectomized monkey, the 
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diserepancy between the urea nitrogen level of blood and cerebrospinal fluid 
corresponds to what is always seen in a nonnephrectomized subject, i.e., during 
the first few hours after administration of urea, cerebrospinal fluid urea nitro- 
gen levels lag behind that of blood.* * 
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Fig. 2.—The cerebrospinal fluid pressure changes are demonstrated after urea adminis- 
tration in Monkey 8&8 before and following removal of both kidneys. Sufficient time was 
allowed following bilateral nephrectomy for cerebrospinal fluid pressure to return to prene- 
phrectomy level before injection of urea. 
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Fig. 3.—-The cerebrospinal fluid pressure changes after urea administration in Monkey 104 


following unilateral nephrectomy, and following bilateral nephrectomy 
are ustratec 


Fig. 4 illustrates pressure reduction following urea administration before 
and after nephrectomy. It ean be seen that cerebrospinal fluid pressure re- 
duction is more profound and better sustained after bilateral nephrectomy. At 
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23 hours postnephrectomy a similar dose of urea was injected rapidly, intra- 
peritoneally, and produced a pressure drop to -89 mm. H,O. At 29 hours post- 
nephrectomy an identical amount was injected rapidly into the stomach and 
caused pressure to fall to 6 mm. below atmospheric level. The monkey died 
at 41 hours postnephrectomy. 
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Fig. 4.—-The cerebrospinal fluid pressure changes following urea administration, before 
and after bilateral nephrectomy, are shown for Monkey 92. The duration of injection after 
bilateral nephrectomy was 60 minutes. 


BR RTERALLY NEPHRECTOMIZED 
ADMINISTRATION BEGINS 
o ADMINISTRATION ENDS 


o 2 4 6 8 0 2 4 6 18 20 22 24 26 28 30 32 


HOURS 


Fig. 5.—Monkey 113. Illustrated are cerebrospinal fluid pressure changes following 50 per 
cent sucrose administration, equimolar with one gram per kilogram urea. 


Fig. 5 shows pressure changes following 50 per cent sucrose administration, 
equimolar with one gram per kilogram urea. The fall in cerebrospinal fluid 
pressure is slow after bilateral nephrectomy, but sustained for approximately 
15 hours. At 27 hours an identical amount of sucrose was injected rapidly. 
There was a decrease of cerebrospinal fluid pressure to -78 mm. HO. The 
animal was sacrificed at 31 hours. 

Some additional observations were made in one monkey (No. 109) follow- 
ing administration of 50 per cent dextrose equimolar with one gram per kilo- 
gram urea before and after nephrectomy. It was noted that when dextrose 
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was injected slowly during an interval of 30 minutes, reduction of cerebrospinal 
fluid pressure was minimal, but after bilateral nephrectomy the pressure drop 
was more marked. The lowering of cerebrospinal fluid pressure following rapid 
administration of dextrose (5 minutes) were identical before and after 
nephrectomy. 

DISCUSSION 

Findings in this report indicate that the effect of urea in reducing cerebro- 
spinal fluid pressure is increased after nephrectomy. Thus, diuresis does not 
play an important role in lowering the intracranial pressure, Of interest are 
the following: the prompt and consistent fall in cerebrospinal fluid pressure 
in nephrectomized monkeys (Nos. 104 and 113) after similar amounts of urea 
and sucrose were repeatedly given, the effectiveness of urea in a nephree- 
tomized monkey (No. 92)—whether urea was injected intravenously, intra- 
peritoneally, or in the stomach. 

The manner of fall in cerebrospinal fluid pressure in the nephrectomized 
monkey following sucrose, dextrose, and urea seems to be different. In the 
case of sucrose, there is the slow initial fall in cerebrospinal fluid pressure as 
compared to rapid fall with urea and dextrose. In the case of dextrose, the 
minimal diserepaney in cerebrospinal fluid reduction between pre- and post- 
nephrectomy studies is probably due to the fact that this substance is metabo- 
lized, whereas sucrose and urea are not. 

It would appear that prolonged maintenance of cerebrospinal fluid pres- 
sure reduction following urea administration in nephrectomized monkeys is 
due to prolonged osmotie pressure differential between blood and cerebrospinal 
fluid. The latter is due to the fact that urea cannot be eliminated via kidneys; 
consequently, it remains in a high concentration in the blood. 

Clinically, whether inhibiting urinary output by use of drugs would in- 
crease the effectiveness of urea in reducing intracranial pressure, raises a ques- 
tion worthy of investigation. 


SUMMARY 


In order to determine the role of diuresis in reducing cerebrospinal fluid 
pressure following the administration of urea, a new approach is deseribed. 
Bilateral nephrectomy was carried out in 5 Rhesus monkeys. In each instance, 
following administration of urea and other hypertonic solutions, the fall in 
cerebrospinal fluid pressure occurs and is better maintained in the absence of 
urinary excretion. 
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LABORATORY METHODS 


SPECTROPHOTOMETRIC DETERMINATION OF TOLBUTAMIDE IN 
PLASMA 
THOMAS CHULSKI, PH.D. 
KALAMAZOO, MICH. 


HE hypoglycemic agent tolbutamide (1-butyl-3-p-tolylsulfonylurea, Orin- 

ase*) can be quantitatively determined in serum or plasma by ultraviolet 
spectroscopy utilizing the intense absorption band at 228 mp. Spingler and 
Kaiser’ lyophilized the serum and extracted the tolbutamide from the dry residue 
with acidified ethyl acetate. A correction for the blank value of serum (no 
tolbutamide present) was made by obtaining a serum sample prior to tolbuta- 
mide administration, ic., a zero hour sample. Forist and associates? used 
chloroform to extract the tolbutamide from plasma acidified to pH 4.5 to 4.8. 
A small amount of activated charcoal was used to decrease the blank value but a 
zero hour sample was recommended. Bladh and Nordén* also used the absorp- 
tion band at 228 mp to determine tolbutamide in serum. The serum was acidified 
with hydrochlorie acid and chloroform was used as the extracting solvent. A 
column of caleium carbonate or sodium bicarbonate was used to reduce the blank 
value. A zero hour sample was specified. 

Spingler* described a method based upon visible spectroscopy in which 
tolbutamide was extracted from acidified serum with amyl acetate. The tolbuta- 
mide was hydrolyzed to butylamine by heating at 150° C. for 5 minutes. The 
butylamine was then determined by adding 2,4-dinitrofluorobenzene and deter- 


mining the absorbance at 380 my. A zero hour sample was not necessary. 


A procedure for the quantitative determination of tolbutamide in plasma is 
deseribed herein which is based upon the yellow color produced by the reaction 
of tolbutamide with Ehrlich’s reagent (p-N-dimethylaminobenzaldehyde) under 
specified conditions. Since normal plasma constituents do not interfere, a 
zero hour sample is not necessary. The average recovery of added tolbutamide 
from human plasma was 100.4 per cent with a standard deviation of + 5.2 per 


eent, 


From the Department of Product Research and Development, The Upjohn Company, 
Kalamazoo, Mich, 


Received for publication July 21, 1958. 
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MATERIALS AND METHODS 
Reagents.— 


1. Phosphorie acid: 0.46 ml. of 85 per cent 0.30 M phosphoric acid diluted to 200 
ml. with distilled water. 


2. Phosphoric acid: 0.46 ml, of 85 per cent 0.15 M phosphoric acid diluted to 100 
ml. with distilled water. 


3. Chloroform: (Mallinckrodt) analytical reagent grade chloroform sealed in glass 
bottles. 


4. Aleohol, 95 per cent ethanol (Commercial Solvents Corporation). 


_5. Ehrlich’s reagent solution: p-N-dimethylaminobenzaldehyde (Eastman Organic 
Chemicals). Purified by dissolving in 95 per cent ethanol, decolorizing with carbon, and 
crystallizing by adding water; 100 + 1 mg. is dissolved in aleohol and diluted to 25 ml. 
in a brown glass bottle. The solution is prepared immediately before using. 


6. Standard tolbutamide solution: A 0.7 to 0.8 Gm, quantity of the sodium salt of 
tolbutamide is weighed to the nearest milligram and transferred quantitatively to a 500 
ml. volumetric flask and made to volume with water. 


Various volumes, 10 to 80 ml., of 
this solution are diluted to 500 ml, 


Sodium tolbutamide x 0.9247 tolbutamide. 


Apparatus. 


1. Separatory funnels: Sixty milliliter separatory funnels fitted with Teflon stopeock 
plugs were used for the extractions. 


After being washed with a synthetic detergent 
and 


rinsed with distilled water, they were further rinsed with alcohol. Pledgets of 
Pyrex glass wool, previously washed two times with aleohol, were inserted in the stems 
of the funnels to remove droplets of water from the chloroform phase. Prior to being 


used the funnels were rinsed with 10 ml. chloroform which was allowed to filter through 
the glass wool pledget. 


2. Spectrophotometer: A Beckman Model PB. speectrophotometer with 1 


em, cuvettes 
was used for the absorbance measurements. 


8. Vacuum evaporator: A vacuum evaporator constructed in these laboratories was 


used for the evaporation of the solvents. 
Recommended Procedures.— 


1. Extraction: Duplicate 1 ml. aliquots of oxalated plasma are mixed with 2 ml. 


of M/30 phosphoric acid in separatory funnels containing 10 ml. chloroform. The acidi- 
fied plasma, pH 4.5 to 4.8,2 is extracted with the chloroform by gently rocking the 
separatory funnel 20 times to and fro about an axis passing through the stopcock. The 
chloroform layer is slowly drained through the pledget of glass wool and collected in a 
50 ml. round bottom flask which can be fitted to the vacuum evaporator. 
is repeated with two additional 10 ml. portions of chloroform. 
concentrated to dryness at room temperature. 


The extraction 
The combined extracts are 
Samples can be left at this stage. 

2. Color development: To one of the dry residues is added 2 ml. of Ehrlich’s reagent 
solution. To the other dry residue 2 ml. of aleohol is added. 


To a clean flask 2 ml. of the 
Khrlich’s reagent solution is added. 


All 3 are taken to dryness as above. (The second sample 
corrects for the amount of color extracted from the plasma by the chloroform, the “chloro- 
form blank’’ [CB], and the third flask corrects for the amount of color due to the reagent, 
ie., ‘‘reagent blank’? [RB]. See paragraph on calibration below and also the Discussion.) 
The dry residues are then heated for 2.5 hours in a water bath at 70° C. + 1° C. To 
prevent further development of color the flasks are then removed and cooled in running tap 
water. 


8. Spectrophotometry: Ten milliliters of alcohol is added to the dry residues, and the 
absorbances (optical densities) of the solutions are measured at 395 my with aleohol in the 
reference cuvette within 8 minutes after the aleohol is added, 
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4. Calibration: Aliquots of 1 ml. of the standard sodium tolbutamide solutions are added 
to plasma from a person not on tolbutamide therapy. One milliliter of M/15 phosphoric 
acid is added to each sample and the samples are carried through the above procedure, From 
the data a plot of absorbance versus concentration of tolbutamide ean be prepared or alterna- 
tively the average absorptivity can be caleulated. Beer’s law was followed in the range 0 
to 200 wg tolbutamide per milliter of plasma; absorbances of about 0.07 to 0.70 were 
obtained, A positive intercept in the calibration curve results from the use of alcohol in 
the reference cuvette instead of the unstable reagent blank. 
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Fig. 1.—Absorption spectrum of the tolbutamide; Ebrlich’s reagent chromogen (molar absorp- 
tivity calculated on the basis of the tolbutamide concentration of the final solution). 


DISCUSSION 

The color producing reaction between tolbutamide and Ehrlich’s reagent 
could not be made to take place in solution although various types of solvents 
were used.’ However, by heating the dry residue obtained as deseribed re- 
producible results were obtained. 

Fig. 1 is a plot of wave length versus molar absorptivity. Since the ab- 
sorbance changes so rapidly with decreasing wave length it is important that 
the wave length seale of the instrument is accurate. 

The color does not fade rapidly. There is no fading during the first 8 
minutes. A 4 per cent fading occurred during the next 22 minutes. 

The customary reagent blank, i.e., no plasma plus the reagent, is not used 
in the reference cuvette because this would necessitate a reagent blank for each 
3 determinations as the color of the reagent blank is also unstable. The absorb- 
anee of the reagent blank was determined each time a new Ehrlich’s reagent 
solution was made. The absorbance of the reagent blank is fairly reproducible 
(see Table 1). 
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In a determination such as this the blank value of plasma (no tolbutamide 
present) is due to two factors. One is the color extracted from the plasma by 
the chloroform (the chloroform blank) and the other is the presence of materials 
extracted by the chloroform which react with the Ehrlich’s reagent to produce 
color (the plasma blank). The first factor can be evaluated readily by earry- 
ing a sample through the procedure and not adding the color-producing re- 
agent. 


For the evaluation of the second factor a zero hour sample is necessary. 


TABLE I, 


EVALUATION OF BLANK VALUES 


GHCL, BLANK _ 


Ais REAGENT BLANK PLASMA (ETC.) PLASMA BLANK 
PLASMA NO PLASMA + NO EHRLICH’S A, — (RB + CB) 
PLASMA (ETC.) + | (ETC.) + TOLBUTAMIDE TOLBUTAMIDE 
SAMPLE EHRLICH’S |  EHRLICH’S | EQUIVALENT* Ages EQUIVALENT* 
ST 0.099 0.086 0.010 3 wg./ml. 0.003 1 
DEG 0.093 0.077 0.010 3 0.006 2 
RCAt 0.089 0.078 0.005 2 0.006 2 
PO 0.083 0.076 0.008 3 0.001 0 
DWA 0.084 0.075 0.002 1 0.007 2 
ERB 0.082 0.073 0.001 0 0.008 2 
POL 0.090 0.081 0.006 2 0.003 i] 
PT 0.085 0.076 0.005 2 0.004 1 
CH 0.090 0.085 0.008 2 0.003 1 
RM 0.088 0.083 0.007 2 0.002 l 
Average 2.3 0.9} 


*Absorbance of 0.001 = 0.3 we tolbutamide per milliliter of plasma. 
*+Diabetic patient. 


tAverage correction for zero hour sample. 


Then the plasma blank, PB = total absorbance (A,) — reagent blank (RB) - 
chloroform blank (CB). The data in Table I indicate a plasma blank equiva- 
lent to about 1 »g tolbutamide per milliliter. Since plasma levels of tolbuta- 
mide range from 30 to 200 pg per milliliter for individuals receiving the 
drug’ ** the plasma blank may be ignored; thus, the need for a zero hour 
sample is obviated. 


TABLE II. Recovery or AppeED TOLBUTAMIDE FROM HUMAN PLASMA 


(Micrograms per wuilliliter of plasma ) 


ADDED FOUND 


PER CENT RECOVERY | AVERAGE 
83 89, 90, 81 107.2 108.4 97.0 104.5 
111 115, 116, 115 103.6 104.5 103.6 103.9 
138 148, 142, 135 107.2 102.9 97.8 102.6 
166 173, 170, 151 104.2 102.4 91.0 99.2 
194 191, 193, 187 98.5 99.5 96.4 98.1 
222 210, 208, 208 94.6 93.7 93.7 94.0 


Average + standard deviation (n 


18) 100.4 + 5.2 per cent. 


The recovery of added tolbutamide to human plasma is shown in Table II. 
The average recovery is 100.4 per cent with a standard deviation of 5.2 per cent. 
The values have been corrected for the chloroform blank but not for the plasma 


blank. That is, the data are comparable to the situation wherein a zero hour 
sample is not possible. 


Ilemolysis was not a problem in these studies. 


— 
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SUMMARY 


A procedure is described for the determination of tolbutamide in human 
plasma. The acidified plasma is extracted with chloroform, the chloroform ex- 
tract is taken to dryness, an alcoholic solution of Ehrlich’s reagent (p-N-di- 
methylaminobenzaldehyde) is added and the solution taken to dryness. The 
dry residue is heated at 70° C. for 2.5 hours. Aleohol is added and the ab- 
sorbance of the solution is measured at 395 mp. The average recovery of tol- 
butamide from human plasma has been 100.4 per cent with a standard devia- 
tion of 5.2 per cent. A zero hour sample is not necessary. 
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AN IMPROVEMENT OF THE METHOD FOR DETERMINATION OF 
PLASMA AND URINE HEMOGLOBIN 


THELMA R. JOHNSON, B.S. 
WASHINGTON, D. C. 


HE benzidine method for the measurement of small amounts of hemoglobin’ 

utilizes undiluted specimens when the concentration of hemoglobin is less 
than 30 mg. per 100 ml. With higher concentrations, appropriate dilution of the 
unknown is necessary, a process which consumes time and may reduce accuracy. 
The precise measurement of a very small volume would permit the use of un- 
diluted material even when the concentration of hemoglobin is relatively high. 
The purpose of this communication is to deseribe a modification of the “Dacie 


pipette’’* which may be used for the measurement of volumes as small as 1 


lambda. This permits the use of undiluted specimens with concentrations of 
hemoglobin as high as 400 mg. per 100 ml. 


METHODS 


The instrument consists of a Pasteur pipette used to brace a small length of capillary 
tubing. This tubing is broken to a desired length—to correspond to the approximate volume 
to be measured—and is inserted into the tip of the pipette and fixed there with a bit of 
modeling clay. In the rubber bulb of the pipette, a hole is made about 2 mm. in diameter 
(Fig. 1). The reagents used are those employed for the benzidine method: an acid solution 
of benzidine, hydrogen peroxide, and acetic acid. 

The tubing is filled by holding the pipette horizontal and touching the tip of the capil 
lary to the surface of the liquid to be measured. This means that the test tube of liquid 
must be tipped to bring the liquid to the rim. The capillary is emptied by holding the pipette 
vertical and permitting the liquid to run into the benzidine solution. To empty it completely, 
the hole in the rubber bulb is covered with the finger tip, and the bulb is gently squeezed and 
released to empty and rinse the capillary. The hemoglobin-benzidine mixture is now treated 
with hydrogen peroxide in the usual manner! and the intensity of color which develops is 
measured photometrically, It is unnecessary to know the exact volume of the capillary, be 
cause the same capillary is used to measure an identical amount of a standard hemoglobin 
solution and the results of the standard and the unknown are compared to derive the concen 
tration of hemoglobin in the unknown. The same capillary may be used to measure an entire 
series of unknowns if, after each measurement, it is rinsed first with water and then with 
acetone, 

The standard solutions of hemoglobin are prepared first by measuring the concentration 
of hemoglobin in a sample of whole blood by the cyanmethemoglobin method.’ The red cells 
are then hemolyzed by freezing and thawing and the blood is diluted with a mixture of saline 
and glycerol (equal parts) to achieve several desired concentrations: 20, 80, and 200 mg. of 
hemoglobin per 100 ml, provide a satisfactory covering of the concentrations measured by this 
method, These glycerolized preparations are stable and may be retained and used for many 
months.4 

From the Department of Hematology, Walter Reed Army Institute of Research, Walter 
Reed Army Medical Center, Washington, D. C. 
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RESULTS 
Several trials were undertaken to establish the limitations of the method. 
Table I demonstrates the reproducibility of results when two pipettes were used 
to measure repeatedly a single sample of plasma. There is less than 1 per cent 
variability. Table If demonstrates the results of a “blind” experiment. <A 
sample of plasma was stained by adding to it a small amount of gentian violet 
so that the operator could not estimate by eye the hemoglobin concentration. 


Small hole 


RUBBER BULB 


PLASTICINE 
SMALL CAPILLARY TUBE 


Fig. 1.—A modification of the Dacie pipette to enable measurement of small volumes. 


Then the sample was divided into 6 tubes and a small amount of hemoglobin 
was added to each, measuring it to achieve concentrations of approximately 40, 
60, 80, 120, and 200 mg. hemoglobin per 100 ml. The concentration of hemo- 
globin of each specimen was measured on 3 different days and the results are 
shown in Table Il. In each instance the results agree within about 5 per cent. 

It is possible to encompass the entire range of plasma hemoglobins using 3 
or 4 of these little pippettes, each a different size. Table III demonstrates how 


this was done with 3 pipettes, the approximate volumes of which were 20, 5, and 


1.5 lambda. For any given unknown the proper pipette is selected so that the 
reading of transmittance on the photometer seale lies within the range of best 
accuracy of the instrument, which is usually between 20 and 80 per cent. 
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TABLE IT. REPLICATE DETERMINATIONS OF PLASMA HEMOGLOBIN PERFORMED ON A SAMPLE OF 
PLASMA USING Two PIPETTES 


READING MG./100 ML, TUBE READING | MG./100 ML. 


283 2 31 87.0 
29 7.0 31 87.0 
29 7.0 31 87.0 
29 0 31 87.0 
283 31 87.0 
283 2 31 87.0 
29 7 31 87.0 
29 ‘ 31 87.0 
29 7 31 87.0 
283 312 86.8 
29 308 87.5 
29 i 31 87.0 
29 # 31 87.0 
29 7. 31 87.0 
29 J 5 312 86.8 
56 Standard 582 40.0 


Standard 


TABLE II. ‘‘BuiInpd’’ DETERMINATION OF PLASMA HEMOGLOBIN IN STAINED PLASMAS CONTAIN 


| MG. 
PER CENT | TUBE PER CENT 


| MG, 
TUBE PER CENT 


! 
| 
39 Nov. 20 38 Nov. 25 
66 : 62 | 
86 
114 
168 | 
201 


TABLE IIT. DEMONSTRATING THE USE OF PIPETTES OF SEVERAL S1zES TO Permit MEASU 
MENT OF A WIDE RANGE OF PLASMA HEMOGLOBIN CONCENTRATIONS 
PIPETTE 1 | PIPETTE 2 PIPETTE 3 
APPROXIMATE VOLUME APPROXIMATE VOLUME APPROXIMATE VOLUME 
20 LAMBDA 5 LAMBDA } 1.5 LAMBDA 


PLASMA Hb | | PLASMA Hb 
CONCENTRATION | PHOTOMETER| CONCENTRATION | PHOTOM ETER| CONCENTRATION PHOTOMETER 
i READING | (MG./100 ML.) | READING | (MG./100 ML.) READING 

0 20 80) 

o4 40 100 

32 60 . 120 

1s SO 35 160 

100 27 200 

300 

350 

400 

450 


Occasionally a specimen may be encountered where the concentration of 
hemoglobin exceeds 400 mg. Such specimens may be diluted and measured by 
the benzidine method or, better, the concentration of hemoglobin may be meas- 
ured directly by the cvanmethemoglobin technique,* taking care to add a suf- 
ficiently large volume of the unknown and correcting the results accordingly. 


SUMMARY 


A modification of the ‘‘ Dacie pipette’’ is described which permits the meas- 
urement of small volumes of plasma or urine. This permits the use of the 


— = 
TUBE 
” 
3 
4 
5 
6 
- 
7 
8 
9 
10 
11 
12 
13 
14 
15 
ING APPROXIMATELY 40, 60, 80, 120, 160, AND 200 Ma. PER 100 ML. a 
Nov. 18 1 1 $2 
2 2 57 7 
3 3 
4 4 118 
5 5 173 
6 6 201 ay 
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benzidine method for microhemoglobinometry without preliminary dilution of the 
unknowns. The use of these pipettes shortens the time required for the per- 
formance of the test and, by eliminating the measurements required for the dilu- 
tions, probably improves the accuracy of the method. 
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$3.35. Postage extra. Frog Bulletin and Scientific Supply Catalog on request. 


QOUIVIRA SPECIALTIES CO. 
4204 W. 21st Street Topeka 32, Kansas 


ALBINO RATS & MICE, RABBITS & GUINEA PIGS 
“Our 44th Year—Time Proved Dependability” 


RESEARCH SUPPLY CO. 


2436 West York St. Philadelphia 32, Pa. 


| 


(See also pages 38, 39) 


ALBINO 


Route 3, Syene Road, Madison 5, Wis. 


DAN ROLFSMEYER CO. 
RATS SWISS (ALBINO) MICE 


Price List on Request 
PHONE ALpine 6-6149 


Be sure of 


Live Male Rana Pipien Frogs, Direct from the Farm 


year round suppiy, at lowest prices and fastest service available. Orders delivered within 36 


hours after we receive them. 


Male Rana 
Male Buffo 
Animals gui 
Laboratory 
Frogs, by Edward 


Iso reagen 


J. R. SCHETTLE FROG FARM, INC. 


Clamitan Frogs and Buffo Americanus Toads th 


Marinus Toads available, the year round. 
aranteed free of disease and to arrive in perfect condition. 
Manual 85 pages with illustrations. A system of pregnancy testing using Male Toads and 
H. Hon, M.D., of Yale University. 
ts used in conducting pregnancy tests. 
For Information and prices, Phone or write: 


ilable during 


Stillwater, Minnesota 


and Pre-operative Diagnosis. 


FROGS 


Special Males for Pregnancy 


Fast Service. 
received. 


All orders shipped via air same day 
Live delivery guaranteed. 


Write for handbook giving full information 


E. G. STEINHILBER & CO., INC. 


102 Josslyn Avenue (Est. 1922) Oshkosh, Wis. 


WHITE MICE 


GUINEA PIGS RABBITS 


Swiss-Webster Cross—Very Docile Mouse 
Send for price list. 


J. E. STOCKER 


References furnished on request. 
Phone: DAvis 7-1064 


Ramsey, N. J. 


TACONIC FARMS, Ine. 


Germantown, New York 


vw SWISS MICE Booklet Sent on Request 


DOCILE 


Route 4, Box 372 


ZEIMET BIO-FARMS 
GUINEA PIGS 


CHerry 9-4515 


DEPENDABLE 
Madison 4, Wis. 
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RELIABILITY is a must 


when tissue culture research 


demands special serums THE GRADWOHL SCHOOL OF LABORA- 
TORY TECHNIQUE is an ethical school, 
Tissue culture laboratories throughout manned by competent ethical physicians and 
the nation find the imp = technologists and enjoys a ay rating amon 
...0¢ Colevade Serem Co. the medical prof place: 
in desirable positions since 1920. Gradwohl 
aetna’ years of serum production experience are recog as expert techni- 
and constant research are embodied in every product. cians. 
To insure the highest quality in o wide selection Course includes—Clinical Microscopy, Hema- 
of animal bloods and serums, Colorado Serum Co. tolo if and Blood Grouping; Serology; Ap- 
maintains a variety of fine animals. plie Bacteriology; Basa Metabolism; Blood 
Chemistry; Electrocardiograpby; Parasitology; 
Order with confidence from Colorado Tissue Casting and Staining. 
Serum Co. 
ENROLL NOW for priority. 
waite ror month course; intern- 


FREE CATALOG ship. Classes start 
TODAY March, July, Sept., t. 
Ne 37th Successful Year 


Under the Personal Supervision of 


PEAK OF QUALITY 


3514 Lucas Ave. St. Louls 


WORTHWHILE 


LABORATORY 
TECHNIQUE 


R. 8. H. Gradwohl, M. D., Sc. D., Director 


17 West 60th Street 


Continuous Model No. FE-2C Gun 


FLASH EVAPORATOR 


Evaporation under reduced pressure—particularly valuable when aqucous solutions 
and high boiling solvents (e.g., butanol) are used. 
© Ideal for separation of: 
Concentrated solutions that would otherwise foam 
Heat and air sensitive solutions 
© Performs separations in a fraction of the time required by conventional methods 
© Easily disassembled to remove solute Se also for cleaning 
PRICE COMPLETE (with Thermo Regulator), F.O.B. New York $330.00 
Also available: FLASH EVAPORATOR FE-2. Regular model for single batches. Price complete 
$215.50 F.O.B. New York 


Write for other laboratory specialties and detailed information on the SAFETY PIPETTE FILLER 


INSTRUMENTATION ASSOCIATES 


New York 23, N. Y. 
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FOR MEN AND WOMEN! 
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SERUM Co. 
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A Textbook on Laboratory 
Procedures With Their Interpretation! 


CLINICAL LABORATORY 
METHODS and DIAGNOSIS 


by 


GRADWOHL, M.D., 


D.Sc., Director of the 
Gradwohl Laboratories and Gradwohl Sho of Laboratory 


Techni St. Louis, Missouri 
~ 


Hospit: 
1956, 5th edition 


; Pathologist to Christian 


2 volumes, 2451 pages, 6%” x 9%”, 


765 ‘iMustrations, §2 color plates. 
$38.50 Per Set 


For twenty-one years this work has been 
recognized as one of the truly compre- 
hensive works in the field of clinical 
laboratory methods and diagnosis—cov- 
ering in detail the full gamut of labora- 
tory procedures WITH THEIR IN- 
TERPRETATION. 


First published in 1935, and now in its 
Fifth Edition, this work is designed to 
help the clinician, the laboratory worker, 
and the medical student to learn labora- 
tory diagnosis. The standard technic of 
accepted procedures is given in strictest 
detail, together with an interpretation of 
all data obtained by standard tests. 


Eight years have passed since the last 
edition was published. During this time 
clinical pathology has been enriched with 
a large amount of new material. So nu- 
merous and extensive have been the ad- 
ditions to this revision that it is thor- 
oughly up to date. 


Actually this two volume work contains 


the equivalent of seven monographs. 
Largest of the sections is the chapter on 
Hematology comprising 477 pages. Lab- 
oratory workers seeking a detailed trea- 
tise on Hematology will get just this in 
this one chapter. 


The sections on Blood Chemistry—con- 
taining 331 pages—and Bacteriologic 
Applications to Clinical Diagnosis—con- 
taining 376 pages—also might be con- 
sidered separate monographs on these 
subjects. 


The chapter on Parasitology containing 
219 pages is the equivalent of a small, 
compact volume in its own right. Also 
the chapter on Blood Groups and Trans- 
fusion with its 196 pages of pertinent 
text material might be classed a mono- 
graph on the subject. Two other chap- 
ters—Urine Analysis and Toxicologic 
Technic—each with 146 pages—are fre- 
quently referred to as separate mono- 
graphs of considerable value and impor- 
tance. 


THE C. V. MOSBY COMPANY 
3207 Washington Blvd., St. Louis 3, Missouri 


Ohdes today from 


Gentlemen: 
ratory Methods and Diagnosis.” 


Send me Gradwohl “Clinical Labo- 
Two Volumes. 


Price $38.50. 


THE (. V. MOSBY CO. 


3207 Washington Bivd. Dr. - 
St. Lovis 3, Mo. 


() Attached is my check. 


Charge my account. 


Street 
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Some years ago 
when your pa was a dandy 


He drank sarsaparilla 
and ate hard-rock candy. 


Quite as old-fashioned 
in a world that is new 


Is a lab without PROTROL*— 
Protrol’s timing is true. 


Knickerbocker 


300 West 43rd Street, New York City 


Here’s why PROTROL is perfect every pro- 
thrombin time. . . 
Only Protrol is human 

not a horse-plasma. 
Only Protrol is fresh 

not a synthetic-diagnostic. 
Only Protrol is pooled 

not a single variable plasma. 
Use famous Protrol, prothrombin control ref- 
erence standard, for greater accuracy in all 
your prothrombin time determinations. 


March, 1959 


fc KLETT SCIENTIFIC PRODUCTS 


Klett-Summerson Photoelectric Colorimeters, Colorimeters, 
Nephelometers, Fiuorimeters, Bio-Colorimeters, Compara- 
tors, Glass Standards, Glass Cells, Klett Reagents 


THE KLETT-SUMMERSON 


PHOTOELECTRIO 
COLORIMETER 


Developed with the requirements of 
routine colorimetric analysis particular- 
ly in mind, but has found application in 
a variety of unusual analytical proce- 
dures as well. No logarithm tables or 
“calibration curves” on semilogarithmic 
paper required. The concentration of 
unknown is obtained directly from the 
scale reading by simple calculation. 


$205 


KLETT 
BIO-COLORIMETER 


The visual color- 
imeter illustrated 
presents a num- 
ber of outstand- 
ing features mak- 
ing it ideal for 
clinical re- 
search work. 
Built on the most 
modern mechani- 
cal and optical 
principles it is 
widely accepted 
for its accuracy 
and durability. 


Klett MANUFACTURING CO. 


179 EAST 87th STREET, NEW YORK, N. Y. 
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-—— VIRUS AND RICKETTSIA — Complement Fixation — 


LIPID AND ENZYME CHEMISTRY 
SPECIAL CHEMICAL PROCEDURES—P.B.I.—Mineral—Organic 


72 to 96 hour service anywhere in the USA—Fee Schedules and Information on Request 


Clinical Laboratory of San Bernardino 
955 “D” Street, P. O. Box 329, San Bernardino, California 
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Please mention “The Journal of Laboratory and Clinical Medicine” 
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Even the best-organized clinical laboratory by day must frequently resort 

to makeshift staffing for the fewer, but more urgent tests night-time 
emergencies demand. Not least of the advantages of AutoAnalyzer automation 

is the fact that it knows no hours. The same brisk efficiency and accuracy it 

brings to biochemical analysis during the day is equally available during the 
small hours. Any intelligent person can learn to run it without having to acquire 
chemistry skills. Serenely automatic, AutoAnalyzer demands no personal 
judgment, no subjective appraisal. The written record it yields is absolute. 
Best of all, the written record of the night’s work is reassuringly 

at hand in the morning for the pathologist himself to digest and approve. 


TECHNICON® 


Send for descriptive material and 
abstracts on AutoAnalyzer Metho- 
dology. Just a post-card will do. 


TECHNICON INSTRUMENTS CORPORATION 
Chauncey ° New York 
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AN AMES CLINIQUICK™ 


TECHNICAL BRIEFS FOR THE CLINICAL LABORATORY 


What is the rate of fetal mortality in diabetics 
who have not received specific prenatal diabetic 
care during their pregnancy? 


Two out of three. The management of pregnant diabetics should include fre- 
quent checks of fasting and postprandial blood sugars and of the urine for 
sugar, protein, and ketones. 

Source — Llewellyn, J. S.: J. Kentucky M. A. 56:996, 1958. 


UJ S Reagent Strips 


BRAND 


colorimetric “dip-and-read” 
combination test 

for protein and glucose in urine 
For the 2 most frequently performed and 


diagnostically important urine tests—the 
ultimate in reliability and simplicity. 


just dip one strip... 
...read two results! 


specific for protein and glucose: unaffected 
by other urine constituents, drug metabolites, 
or urine turbidity 

sensitive: detects as little as 10 mg. % protein 
and 0.1% glucose 

standardized: color guides permit reliable 
estimations, consistent reports 

timesaving and economical: no filtering or 
centrifuging —completely disposable 


and KETOSTIX® Reagent Strips for ketonuria. 
AVAILABLE: AMES 


Uristix Reagent Strips — COMPANY, INC 
Bottles of 125. Elthort « indione 


Toronto Coneda 


Ketostix Reagent Strips — 
Bottles of 90. 
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